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NOVEL fflGH AFFINITY HUMAN ANTIBODIES TO TUMOR 

ANTIGENS 
BACKGROUND OF THE INVENTION 
Tliis application is a continuaticm-in-part of United States Provisional 
Applications U.S.S.N. 60/000,238 and U.S.S.N. 60/000,250, fded on June 14, 1995 and 
June 15, 1995 lespectivdy. These applications are incorporated by reference for all 
purposes. 

The invention was made by or under a contract with the following 
agencies of the United States Government: Army Grant No. DAMD17-94-J-4433 and the 
Dq>artment of Healtii and Human Services, National Institutes of Healtii, Grant No. UOl 
CAS1880. 

This invmtion pertains to die fields of immunodiagnostics and 
immunotherapeutics. In particular, this invention pertains to die discovery of novel 
human antibodies that specifically bind to c-erbB-2, and to chimeric molecules containing 
these antibodies. 

Conventional cancer chemotherapeutic agents cannot distinguish between 
normal cells and tumor cells and hence damage and kill normal proliferating tissues. 
One approach to reduce this toxic side effect is to specifically taiget the 
chemotherapeutic agent to die tumor. This is the rationale behind the development of 
immunotoxins, chimeric molecules composed of an antibody dtti^ chenucally conjugated 
or fused to a toxin that binds specifically to antigms on the surface of a tumor cell 
thereby killing or inhibiting the growth of the cell (Frankel ei al. Ann. Rev. Med., 37: 
127 (1986)). The majority of immunotoxins prepared to date, have been made using 
murine monoclonal antibodies (Mabs) that exhibit specificity for tumor cells. 
Immunotoxins made from Mabs demonstrate relatively selective killing of tumor cells in 
vitro and tumor regression in animal models {id.). 

Despite these promising results, die use of immunotoxins in humans has 
been limited by toxicity, immunogenicity and a failure to identify highly specific tumor 
antigms (Byers et al. Cancer Res., 49: 6153). Nonspecific toxicity results from Uie 
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Mure Of the monodonal antibody to bilui spedfkaUy ^ 

cells. As a iBsuU.iionq)edficcea killing occurs. In addition, the foreign immunotoxin 
molecule elicits a strong immune response in humans. The immunogenidty of the toxin 
portion of the immunotoxin has recently been overcome by using the human analog of 
RNase (Rybak et al. Proc, Nat. Acad, Sd„ USA, 89: 3165 (1992)). Tlie murine 
antibody portion, however, is stiU signiiicanfly immunogenic (Sawler et aL, /, MnaouO,, 
135: 1530 (1985)). 

Immunogenicity could be avoided and toxicity reduced if high affinity 

tumor ^xjcafic human antibodies were available. However, the production of human 

monoclonal antibodies using oinventional hybridoma technotogy has proven o 

difficuU (James eftft,/.liiimiiwl.afe«fc,l()0: 5 (1987^^^ Furthermofe, the paucity of 

purified tumor-^jedfic antigens makes it necessary to immunize with ^ 

or partiaUy purified antigen. Most of the antibodies produced react with antigens which 

are also common to normal cdb and are tfierefore unsuitabte use as tumor-speci& 
targeting moleeules. 

SUMMARY OF THE INVENTION 

This invention provides novel human antibodies that specifically bind to 
the extracellular domain of the c-erbM protein product of the HER2/neu oncogene. 
THis antigen (marker) is overexpiessed on many cancers («.«. carcinomas) and thus the 
antibodies of the present invention specifically bind to tumor cells that aq>ress c-erbB-2. 

In a preferred embodiment, the antibody is a C6 antibody derived from the 
sFV antibody C6.5. The antibody may contain a variable heavy chain, a variable light 
chain, or both a variable heavy and variable light chain of C6.5 or its derivatives. In 
addition the antibody may contain a variable heavy chain, a variable light 
variable heavy and variable light chain of C6.5 in which one or more of the variable 
heavy or variable light complementarity determining regions (CaJRl, CDR2 or CDR3) 
has been altered (e.if.. mutated). Particularly preferred Ca)R variants aie listed in the 
specification and in Examples 1, 2 and 3. Particularly preferred C6 antibodies indude 
C6.5, C6MU.14. C6L-1 and C6MH3-B1. m various preferred embodiments, these 
antibodies are singte diain antibodies (sPv also known as scFv) c^ 
heavy dudn joined to a variable light diain other directly or throu^ 

Other preferred embodiments of the C» antibodies and C6.5, C6MU-14, C6L1. and 
C6MH3-B1, in particular, indude Fab, the dimer (Fab*),, and the dimer (sFv% 



10 



wo 97/00271 PCTAJS96/10287 

3 

Particularly preferred isFv% dimers are fusion protons where the Sfv* components are 
joined through a peptide linkage or through a peptide (G^. Still other preferred C6 
antibodies include an antibody selected from the group consisting of an antibody having a 
Vl domain with one of the amino add sequences shown in Table 10, an antibody having 
a Vh domain with one of the amino add sequences shown in Table 12, an antibody 
having a Vl CDR3 domain having one of the amino add sequences shown in l^les 4, 
IS, and 16, and an antibody having a Vg CDK3 domain having one of die amino add 
sequences shown in Tables 13 and 14. Other piefened embodiments are to be found 
sqdete throughout tiie spedficatioi. 

In a paiticulaiiy ptefened embodiment, the C6 antibody has a Kd xanging 
fiom about 1.6 x 10^ to about 1 x lO''' M in SK-BR-3 ceiDs using Scatchaid analysis or 
as measured against purified c-etbB-2 by surface plasmon resonance in a BIAcore. 

In anotiier embodiment tiie present invention provides for nucleic adds that 
encode any of the above-described C6 antibodies. The invention also provides for 
15 nuddc adds tiiat encode tiie amino add sequences of C6.5, C6ML3-14, C6L1, C6MH3- 
Bl, or any of the otiier amino add sequoices encoding C6 antibodies and described in 
Example 1, 2 or 3. In addition this invoition provides for nuddc add ^^uences 
mcoding any of Uiese amino add sequences having conservative amino add 
substitutions. 

20 In still anoUier embodiment, this invmtion provides for proteins 

comprising one or more complementarity d^ermining regions sdected irom the group 
consisting of tiie complementarity detomining r^ions of Tables 10, 12, 13, 14, 15, and 
16 and of any of tiie examples, in particular of Examples 1, 2 or 3. Otiier paxticulariy 
preferred antibodies indude any of tiie antibodies expressed by die dones described 

25 hodn. 

In still yet anottier embodiment, tiiis invention provides for cdls 
compriang a recmnbinant nuddc add which is any of tiie above desoibed nuddc adds. 

This invention also provides for dumezic mdecules tiiat specifically biml a 
tiimor odl bearing c-erbB-2. The chimeric molecule comprises an efifector molecule 
joined to any of tiie aboveslescribed C6 antibodies. In a prefierred embodiment, tiie 
effector molecule is sdected from tiie group consisting of a cytotoxin (e.g. PE, DT, 
Ridn A, etc.), a labd, a radionudide, a drug, a liposome, a ligand, an antibody, and an 
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antigen binding domaine). The C6 antibody may be chemically conjugated to the 
effector molecule or the chimeric molecule may be expteased as a fusion protein. 

This invention provides for methods of making C6 antibodies. One 
method proceeds by i) providing a phage library presenting a C6.5 variable heavy chain 
and a multiplicity of human variable light chains; ii) panning the phage library on c- 
erbB-2; and iii) isolating phage that spedfically Und c-obB-2. This method optionally 
further includes iv) providing a phage library presenting the variable light chain of the 
phage isolated in step iii and a multiidicity of human variable heavy d m ins ; v) panniqg 
the phage library on o-eibB-2; and vi) isolating pha^ Oat ^edfically bind c-abB>2. 

Another method for maldqg a C6 antibody proceeds by i) providing a 
phage library presenting a C6.5 variable light chain and a multiplidty cxf human variable 
heavy chains; ii) panning the phage library on o-eri>B-2; and iii) isolating phage that 
i^wrifically bind c-eibB-2. 

Yet another method for making a C6 aiitibodly involves i) providing a 
phage fflnaiy presenting a C6.S variable light and a C6.5 variable heavy diain encoded 
by a nucleic add variable in die sequence encoding C!DR1, CDR2 or CDR3 such that 
each phage displays a different CDR; ii) panning the phage library on c-eibB-2; and 
isolating the phage that specifically bind c-eibB-2. 

This invention also provides a method for impairing growth of tumor cdls 
bearing c-erbB-2. This method involves contacting the tumor with a chimeric molecule 
comprising a cytotoxin attached to a human C6 antiboity that ^)edfically binds c-eTbB-2. 

Finally, this invmtion provides a mediod for detecting tumor cells bearing 
c-«bB-2. This method involves contacting tiie biological samples derived from a tumor 
widi a chimoic molecule comprising a labd attached to a human C6 antibo(fy that 
spedfically binds c-eibB-2. 

DermitioM 

The foUowing abbreviations are used herein: AMP, ampidllin; c^B-2 
BCD, extraceUular domain of c-eibB-2; CDR, complementarity determining region; 
ELKA, eniyme linked immunosorbent assay; FACS, fluorescence activated cell sorter; 
FR, fiameworic region; Glu, ghicose; HBS, hepes buffered saline, 10 mM hepea, ISO 
mM Naa, pH 7.4; IMAC, immobilized metal afSnity chromatogiaphy; 1^,, association 
rale constant; k^, dissociation rate constant; MPBS, skimmed milk powder in PBS; 
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MTPBS, skimmed milk powder in TPBS; PBS, phosphate bu£fexed saline^ 25 mM 
NaH2P04, 125 mM NaQ, pH 7.0; PGR, polymerase chain reaction; RU» resonance 
units; scFv or sFv, single-chain Fv fragment; sFv*: Fv containing cysteine; TPBS, 
0.05% v/v Tween 20 in PBS; SPR, sur&ce plasmon resonance; V^, immunoglobulin 
5 Icappa light chain variable region; V,, immunoglobulin lambda light chain variable 
region; V^, immunoglobulin light chain variable region; Vh, immunoglobulin 
heavy chain variable region; wt, wild type. 

As used herein, an "antibody" zefisis to a protein consisting of one or more 
polypeptides substantially encoded by inmiunoglobulin genes or fragments of 

10 immunoglobulin genes. The nyogni7fid immunoglobulin genes include the kagpa, 

lambda, aljdia, gamma, delta, epdlon and mu constant region genes, as wdl as myriad 
immunoglobulin variable region genes. Light chains are classified as either ksppsL or 
lambda. Heavy chains m classified as gamma, mu, alpha, delta, or q)silon, which in 
turn define the immunoglobulin classes, IgG, ^M, IgA, IgD and IgE, respectively. 

IS A typical immunoglobulin (antibody) structural unit is known to comprise 

a tetramer. Each tetramer is composed of two identical pairs of polypeptide chains, each 
pair having one "light" (about 25 kD) and one "heavy" chain (about 50-70 kD). The 
N-t^minus of each chain defines a variable region of about 100 to 110 or more amino 
adds primarily responsible for antigen recognition. The terms variable light chain (VJ 

20 and variable heavy chain (Vh) refer to these light and heavy diains respectively. 

Antibodies exist as intact immunoglobulins or as a number of well 
characterized fragments produced by digestion witii various peptidases. Thus, for 
exantple, pepsin digests an antibody bdow the disulfide linkages in the hinge region to 
produce F(ab)*2. a dimer of Fab which itself is a light diain joined to V^-ChI by a 

25 disulfide bond. The F(abV2 may be reduced under niiM conditions to break the disulfi^ 
linkage in tte hinge rpgion thereby converting the (Fab*)} dimer into an Fab* monomer. 
The Fab* monomer is essentially an Fab witfi part of the hinge region (see, Fundammal 
Immunology, W.E. Paul, ed.. Raven Press, N.Y. (1993), for a more detailed description 
of other antibody fragments). While various antibody fragments are defined in terms of 

30 the digestion of an intact antibody, one of skill will sqppredate that such Fab* fragments 
may be synthesized de novo either chemically or by utilizing recombinant DNA 
methodology. Thus, the term antibody, as used herdn also includes antibody fragments 
either produced by the modification of whole antibodies or synthesized de novo using 
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lecombinant DNA methodologies. Prdierred antibodies include single diain antibodies, 
more piefeiably single chain Fv (sFv) antibodies in whidi a variable heavy and a 
variable light chain are joined together (diiecdy or through a pqitide linko) to form a 
omtinuous polypeptide. 

An "antigen-binding site" or "binding portion" refers to tfie part of an 
immunoglobulin molecule that participates in antigoi binding. Hie antigoi binding ate is 
formed by amino add residues of the N-tenninal variable ("V") legions of the heavy 
("H") and light ("L") chains. Three highly diveigent stretches withk the V regions of 
the heavy and light diains are lefened to as "hypeivariable r^ions" MMOi are 
inteiposed between more ocmserved flanking stretches known as "fiamewoik regions" or 
"FKs*. Thus, the term "FR* refers to amino add sequences which are naturally found 
between and acQaoent lo hypervariable regions in immunoglobulins. &i an antibody 
molecule, the three hypervariaUe rpgions of a light chain and the three faypervariable 
regions of a heavy dudn are diqwsed rdative to eadi otiier in tiuee dimenaonal qnce to 
form an antigen binding "suiftoe". Hiis surfice mediates recognition and binding of the 
target antigen. Hieflneehypervariableregionsof each of tiie heavy and light chains are 
referred to as "complementarity detemUning regions" or "CDRs" and are characterized, 
for example by Kabat et aL Sequences qf proteins ofinununological interest, 4th ed. 
U.S. Dept. Healtii and Human Sovices, Public Health Services, Bethesda, MD (1987). 

As used herdn, the terms 'immunological binding" and "immunological 
binding properties" refer to tiie non-covalent interactions of tiie type which occur 
between an immunoglobulin molecule and an antigen for which tiie immunoglobulin is 
specific. The strength or afifinity of immunological binding intaactirais can be esqnessed 
in terms of tiie dissociation constant (KJ of die intoaction, wherein a «maiii^ 
represents a greater affinity. Immunological binding properties of sdected polypq>tides 
can be quantified using metiiods weU known in tiie art. One such metiiod entails 
measuring tiie rates of antigen-binding site/antigen complex formation and dissociation, 
wherein tiiose rates depend on tiie concentrations of tiie complex parbiers, tiie affinity of 
the interaction, and on geometric parameters tiiat equalty influence the rate in botii 
directions, llius, botii tiie "on rate constant" (kj and die "ofiF rate coiuiant" can 
be determined by calculation of tfie concentrations and die actual rates of association and 
dissodation. Hie ratio of k,^ enables cancdlation of all parameters not idated to 
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affinity and is thus equal to the dissociation constant Ktf. See, genenUy, Davies et al. 
Ann. Rev. Biochem., 59: 439-473 (1990). 

The term 'C6 antibody", as used herein r^ers to antibodies derived from 
C6.S whose sequence is expressly provided herein. C6 antibodies preferably have a 
binding aifiniQr of about 1.6 x 10^ or better and are pr^ierably derived by screening (for 
dffuaty to c-abB-2) a phage display libnuy in whidi a known C6 variable heavy (Vh) 
diain is eqnessed in combination wHk a multqdidty of variable light (Vi) rfminy or 
conversely a known C6 variable light chain is ea^iesaed in ccnnbination wifli a 
nniltiididty of variable heavy (V,^ diains. C6 antibodies also inchide those antibodies 
produced by the introduction of mutations into the variable heavy or variable light 
oonqdementaiity detennining regions (CDRl, CDR2 or CDR3) as described herein. 
Finally C6 antibodies indude diose antibodies produced by any comUnation of these 
modificalicm methods as qiplied to C6.S and its derivatives. 

A angle diain Fv (*sFv" or "scFv") polypeptide is a covalendy linked 
Vh::Vx, heterodimer whidi may be expressed from a nuddc add including Vg- and Vj,- 
encoding sequences either joined directly or joined by a pq>tide-encoding linker. 
Huston, et al. Proc. Nat. Acad. Sci. USA, 85: 5879-5883 (1988). A number of 
structures for converting the naturally aggregated- but chemically separated light and 
heavy polypeptide chains from an antibody V region into an sFv molecule whidi will 
fold into a three dimenaional structure substantially similar to the structure of an antigen- 
binding site. See, e.g. U.S. Patent Nos. 5, 091,513 and 5,132,405 and 4,956,778. 

In one dass of embodimoits, recombinant derign methods can be used to 
devdop suitable chemical structures (Unkers) fox converting two naturally assodated-^>ut 
diemicaUy separate-heavy and light polypqitide diains from an antibody variable r^ion 
into a sFv mdecule which will foU into a three-dimensional structure that is substantially 
similar to native antibody structure. 

Deagn criteria indude determination of the appto^sisite length to span the 
distance between tiie C-tominal of one diain and tiie N-terminal of the other, wherein 
the link» is generally formed fitom small hydrophilic amino add reridues that do not 
tend to coil or form secondary structures. Such metiwds have been described in tiw art. 
See, e.g., U.S. Patent Nos. 5,091,513 and 5,132,405 to Huston et al.; and U.S. Patent 
No. 4,946,778 to Ladner et al. 
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In this regard, the first general stq> of linker design involves identificatimi 

of plausible sites to be linked. Appropriate linkage sites on each of the Vh and Vi, 

polypeptide domains include those which will result in the minimum loss of residues 

fipom the polypeptide domains, and which will necessitate a linker comprising a minimum 

number of residues consistent with the need for molecule stability. A pair of sites 

defines a "gap" to be linked. Linkers connecting the C-tenninus of one domain to the 

N-tecminus of the next genendly eonqnise hydrofridlie amino adds which assume an 

unstructured configuration in physiological sohitions and prefierably are fiee of residues 

having large side groups whidi might intafere widi proper folding of the Vb and Vl 

chains. Thus, suitable linkers under the invention aenerallv comprise ptAypepMrn riwiiit 

of alternating sets of glydne and serine residues, and may indude glutamic add and 

lysine readues inserted to enhance solubility. One particular linker under the invention 

has the amino add sequence [(Gly)«Ser],. Another particularly preferred linker has the 

amino add sequence comprising 2 or 3 rqwats of [(Ser)4Gly] sudi as [(Ser)4Gly], 

Nudeotide sequences encoding such linker mdeties can be readily provided using 

various cdigonudeotide synthesis techniques known in the arL See, e.g., Sambrook, 
sigmt. 

Hie iduase "specifically binds to a protein" or "specifically 
immuncmacdve with", M/hen referring to an antibody rrfers to a binding reaction which 
is determinative of the presence of the protein in the presence of a heterogeneous 
population of proteins and other biologies. Thus, under designated immunoassay 
conditions, the specified antibodies bind to a particular protein and do not bind in a 
significant amount to other proteins present in the sample. Specific binding to a protein 
under sudi conditions may require an antibody that is selected for its qiedfidty for a 
particular prottdn. For example, C6 antibodies can be raised to the c-erbB-2 protdn that 
bind c-eri)B-2 and not to other proteins present in a tissue sample. Avarietyof 
immunoassay formats may be used to select antibodies spedfically immunoreactive with 
a particular protein. For example, solid-phase ELBA immunoassays are routindy used 
to select monodonal antibodies specifically immunoreactive with a protein. SeeHarlow 
and Lane (1988) Antibodies, A Laboratoiy Manual, Cold Spring Harbor Publications, 
New York, for a description of immunoassay formats and conditions that can be used to 
determine specific immunorBactivity. 
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A chimeric molecule is a molecule in which two or more molecules that 
exist sq)aratdy in their native state are joined tqgedier to form a single molecule having 
die desired functionality of all of its constituent molecules. While the chimeric molecule 
may be prepared by covalently linking two molecules each synthesized separately, me of 
sldll in the art will 9ppredsSt that where the chimeric molecule is a fusion proton, the 
chimera may be prepared de novo as a single "joined" nwlecule. 

The tenn "cooservative substitutiai" is used in lefieience to proteins or 
peptides to reflect amino add substitutions that do not siibfiantially alter tfie activity 
(spedfidty or bindiqg affinity) of die molecule. Typically conservative amino add 
subsdtuticms invidve su b stitu tio n one amino add fat another amino add witii mmiia r 
diemical properties (e.g. charge or hydrophobidty). Tlie following six groups each 
contain amino adds tiiat are tyjdcal conservative substitutions for one anotiier 

1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic add (D), Glutamic add (E); 

3) Asparagine (N), Glutamine (Q); 

4) Arginine (R), Lyane (IQ; 

5) Isoleudne CD, Leucine (L), Metiiionine (M), Valine (V); and 
Q Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates the nucleic and amino add sequen ce of the C6 sFv 
antibody C6.5. 

Figure 2 shows the location of mutations in a light diain shuffled C6L1 

and heavy chain shuffled C6H2 sFv. Mutations are indicated as shaded spheres on die 

Co-carbon tcadng of die Fv fiagment of the immunoglobulin KOL (Marquart a al. 

(1990). HI, H2, H3, LI, L2 and L3 refer to die Vg and Vj, antigen binding loops 

respectivdy. Mutations in C6L1 are all located in die Vl domain widi parental Vg 

sequence, mutations in C63B2 are all located in die Vg domain witii parental Vl 

sequence. C6L1 has no mutations located in a B-stiand which forms part of die Vh-V^ 

intoftce. C6H2 has 2 conservative mutations located in die A-sband ibtmed by 
framework 3 residues. 

Figure 3 shows die locations of mutations in light diain shuffled sFV 
which spontaneously form dim^. Mutations are indicated as shaded ^heres on die a- 
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caibon tracing of the Fv fragment of the immunoglobulin KOL (Marquait et al., 1980) 
with the Vl domain located on the left side of each pand. A»C6VLD; BsC5VL£; 
C^CdVLB; D=C6VLF. Each shuffled sPv has at least 1 mutation located in a B-strand 
whidi farms part of the Vh-Vl interface. 

S Figure 4 illustrates Oie 72 hour inodistribution of a C6.Sdiabody in SK- 

OV-3 tumor-bearing scad mice. 

DETAILED DESCRIPTION 
This invention provides for novd human antibodies diat specifically bind 
10 to the cattracelltilar domain of the o-ertiB-2 protein product <rf the HER2/neu oncogene. 
The c-abB-2 marker is overeiqnessed by 30-50% of breast caidnmnas and other 
ade no ca r ci nc mias and tiius provides a suitable cell sur&ce maiker for specifically 
targeting tumor cdls such as carcinomas. In contrast to previous known anti<eibB-2 
antibodies, the antibodies of the present invendon (deagnated herein as C6 antibodies) 
15 are fiiUy human antibodies. Hius, administration of diese antibodies to a human host 
didts a little or no immunogenic le^onse. 

This invention additi on a lly provides for diimeric molecules compriang die 
C6 antibodies of the present invention joined to an effector molecule. Hie C6 antibodies 
act as a "taigeting molecule" diat serves to specifically bind the chimeric molecule to 
20 cdls bearing die c-abB-2 marker dierdiy delivering die effector molecule to die target 
celL 

An Sector molecule typically has a characteristic activity that is desired 
to be delivoed to die target odl (e.g. a tiimor overoqnessing c-ert>B-2). Effector 
molecules indude cytotoxins, labds, radionuclides, ligands, antibodies, drugs, Iqiosomes, 
25 and viral coat protdns diat render die virus enable of infecting a c-eibB-2 expressing 
cdL Once ddivered to die taiget, die dfector molecule exexts its diaiacteiistic activity. 

For exanqde, in one embodiment, where die effector molecule is a 
cytotoxin, die chimeric molecute acts as a potent cdl-killing agent ^lecifically taigeting 
die cytotoxin to tumor cdls bearing die c-ert)B-2 maiker. Chimeric cytotoxins diat 
30 q'ecifically taiget tumor cdls are wdl known to diose of skill in die ait (fee, >br 
example, Fastan et aL, Ann. itev. Biodiem., 61: 331-354 (1992)). 

In anodier onbodiment, the chimeric molecule may be used for detecting 
die presence or absence of tumor cdls in vrvo or in vino or for localizing tumor cdls in 
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viw. These methods involve providing a diimeric molecule comprising an effector 
molecule, that is a detectable labd attached to the C6 antibody. The C6 antibody 
specifically binds the chimeric molecule to tumor cdls esqiressing the c-eibB-2 marker 
whidi are then marked by thdr assodation with the detectable labd. Subsequent 
detection of the cell-associated labd indicates die presence and/or location of a tumor 
cdl. 

Li yet anodm onbodiment, the efifector mcdecule may be anodier apedfic 
binding moiety indudiog, but not limited to an antibody, an antigen binding domam, a 
growth factor, or a ligand. The chimeric molecule will then act as a hi^y ^ledfic 
bifimctional linker. This linker may act to bind and enhance the interaction between cells 
or odlularconqwnents to wfaidi the chimeric protein hinds. Hius, for esumple, where 
the *efifector" component is an anti-ieoq>tar antibody or antibody fiagment, the C6 
antibody component spedficaUy binds c^B-2 bearing cancer cells, while the effector 
component binds receptors (e.g., IL-2, IL-4, Fcyl, FcyH and FcYin receptors) on the 
surftoe of immune odls. The diimeric molecule may thus act to enhance and direct an 
immune response toward target canco- cells. 

In still y^ another embodiment die effector molecule may be a 
pharmacological agent (e.g. a drug) or a vehicle containing a pharmacological agent 
This is particularly suitable where it is merely desired to invoke a non-ledul biological 
response. Thus the C6 antibody receptor may be conjugated to a drug sudi as 
vinblastine, vindesine, mdphalan, N-Aoetylmdphalan, methotrexate, aminopterin, 
doxirubidn, daunorubidn, genistem (a tyrosine kinase inhibitor), an antisense molecule, 
and other pharmacological agents known to those of skill in the art, thereby qwdfically 
taigeting die phatmaoolQgical agent to tumor odls eiqiressmg c-eibB-2. 

Altenialivdy, the C6 antibody may be bound to a vehicle oontaming die 
therapeutic composition. Such vdiides indude, but are not limited to liposomes, 
micdles, various synthetic beads, and the liitg . 

One of skill m die art will afpnaate diat die chimeric molecules of die 
present invention optionally indudes multiple targeting moieties bound to a single 
efifector or conversdy, multiple effector molecules bound to a single targeting moiety. In 
still odier embodiment, die chimeric molecules indudes bodi multiple targeting moieties 
and multqile effiwtor molecules. Thus, for example, dus invention provides for "dual 
targeted" cytotoxic chimeric molecules in which die C6 antibody is attached to a 



wo 97/00271 PCT/US96/10287 

12 

q^totaxic moleeule while another molecule ie.g. an antibody, or another ligand) is 
attached to the oth» terminus of the toxin. Such a dual-taigeted cytotoxin might 
comprise, e,g. a C6 antibody substituted for domain la at the amino terminus of a PE 
and anti-TAC(Pv) inserted in domain m. Other antibodies may also be suitable effector 
molecules. 

L PrtiDiinitionofQS AiifthnHiii^. 

Hie C6 antibodies of this inventim are piqMtred uaiig standard tj^r^imi quf, 
weU known to those of skill in the art in combination with the polypeptide and nucleic 
add sequences provided herein. Hie polypeptide sequences may be used to deiennine 
qjpropriale nucleic add sequences encoding the particular C6 antibody disclosed tiiereby. 

The nuddc add sequence may be optimized to reflect particular codon "preferences" for 

various eqnession qrstems accordii^ to standard metiM)ds wdl known to tiMMe of sk^ 

tiieart Alteroatively, tiie nucleic add sequences provided herein may also be used to 
express C6 antibodies. 

Jjaag tiie sequence information provided, tiie nuddc adds may be 
syntiiesized acconSng to a nund)er of standard mettiods known to tiiose of skm in ^ 
Oligonudeotide syntiiesis, is prefierably carried out on commercially available soUd phase 
oligonucleotide syntiiesis machines (Needham-VanDevanter et al. (1984) Nucleic Adds 
Res. 12:6159-6168) or manually synthesized using die solid phase phosphoramidite 
triester metiuxl described by Beaucage er. aL (Beaucage et. al. (1981) Tetrahedron Letts. 
22(20): 1859-1862). 

Once a nucldc add encoding a C6 antibody is syntiiesized it may be 
ampliiied and/or doned according to standard methods. Molecular cloning techniques to 
achieve tiiese ends are known in the art A wide variety of doning and fa i*n» 
amplification methods suitable for tiie construction of recombinant nuddc adds. e.g., 
encodiqg C6 antibody genes, are known to persons of skiU. Examples of tiiese 
techniques and instructions sufBcient to direct persons of skill tiirough many doning 
exercises are found in Berger and Kimmd, Guide to Molecular CJoaing Tedmiques, 
Methods in Enynufhgy vdume 152 Academic Press, Inc., San Diego, CA (Beiger); 
Sambrook et al. (1989) Molecular Cloning - A Laboratory Manual (2nd ed.) Vol. 1-3, 
Cold Spring HarixjT Laboratory, Cold Spring Harbor Press. NY, (Sambrook); and 
Current Protocols in Molecular Biology, F.M. Ausubd ef «/., eds.. Current Protocols, a 
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joint venture between Gieene Publishing Associates, Inc. and John Wiley & Sons, Inc., 
(1994 Supplement) (Ausubd). Methods of producing recombinant immunoglobulins are 
also known in the art. See, Cabilly, U.S. Patent No. 4,816,567; and Queen et al (1989) 
Pnc. Nat'lAcad. Sd. USA 86: 10029-10033. 

Examples of techniques sufficient to direct persons of skill through in yitro 
amplification methods, indudiqg die polymeiase chain reaction ^CR) the ligase diain 
reaction (LCR), (2l3-seplicase anqdification and other RNA polymenae mediated 
ledmiques are found in Beiger, Samhrook, and Ausubel, as well as Mullis et al., (1987) 
U.S. Patent No. 4,683,202; PCR Pmtocob A (hiide to MeOiods and AppJieatums (Ihnis 
etaL eds) Academic Press Inc. San Diego, CA (1990) (innis); Arnheim & 
(October 1, 1990) CAEN 3&47; The Journal CfMH Research (1991) 3, 81-94; (Kwoh 
et al. (1989) Pmc. NatL Acad. Sd. USA 86, 1173; OuateUi et al. (1990) Proc. Natl. 
Acad. Sd. USA 87, 1874; LomeU et al. (1989) /. C3m. Oiem 35, 1826; Landegren et 
al., (1988) Science 241, 1077-1080; Van Brunt (1990) Biotechnology 8, 291-294; Wu 
and Wallace, (1989) Gene 4, 560; and Baninger et al. (1990) Gene 89, 117. Improved 
methods of cloning in Wm> an^lified nucleic adds are described in Wallace et al., U.S. 
Pat. No. 5,426,039. 

Once the nucldc acid for a C6 antibody is isolated and cloned, one may 
express the gene in a variety of recombinantly engineered ceOs known to those of skill in 
the art. Examples of such ceUs include bacteria, yeast, filamentous fimgi, insect 
(eqiedaUy enq)lc^ang baculoviial vectors), and mainmalian cells. It is expected that 
ttiose of skill in the art are knowledgeable in the numerous esspression systems available 
for esqnesston of C6 antibodies. 

la brief summary, the expresacm of natural or synthetic nucleic adds 
CBCo^ag C6 antibodies will typically be achieved by operably linkiqg a nudeic add 
encodiAg the antibody to a promoter (which is other constitutive or indudble), and 
incorporating die construct into an oqnession vector. The vectors can be suitable for 
rqdication and int^ration in prokaryotes, eukaryotes, or bodi. Typical doning vectors 
ccmtain transcription and translation terminators, initiation sequences, and promoters 
useful for r^ulation of the egression of die nudeic add encoding the C6 antibody. The 
vectors optionally comprise goieric expression cassettes containing at least one 
indq)aidait terminator sequence, sequences permitting replication of the cassette in both 
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eukaiyotes and prokaiyotes, Le., shuttle vectors, and selection markets for both 
piokaiyotic and eukaryotic systems. See Sambrook. 

To obtain high levels of repression of a cloned nucleic add it is conmum 
to construct expression plasmids which typically contain a strong promoter to direct 
transcription, a ribosome binding site for translational initiation, and a 
tianscripticMi/translation terminator. Exanqdesofx^gulatoty regions suitable ibr this 
purpose in £. cofi are the promoter and operator «%um of Hie £L cofi tryptophan 
hiosynthetic pathway as described by Yanofilqr, C, 1984, /. BaaerioL, 158;1018-1024 
and the leftward promoter of phage lambda (PJ as described by Hetskowitz and Hagen, 
1980, Ann. Rev, Genet. , 14:399-445. The inclusion of sdecdon markers in DNA 
vectors transformed in £. ooff is also useful. Examples of such maricers include genes 
qwdfying resistance to anqadllln, tetra^fdine, or cfalonm^^ 5te Sambrook for 
details concerning sdection markers, e.g., fiff use in £1 eofi. 

Expresaon systems for expressing C6 antibodies are available using E. 
coU, BacUba sp. (Palva et aL (1993) Gene 22:229-235; Mosbach er at, Natun, 
302:543-545 and Sabnonella. E. coU systems are preferred. 

The C6 antibodies produced by prokaryotic cdls may require exposure Id 
chaotropic agents for proper folding. During purification from, e.g.. £L coU, the 
expressed protein is optionally denatured and then renatured. This is accomplished, e.g., 
by solubilizing the bacterially produced antibodies in a chaotropic agent such as 

guanidine HCl. The antibody is then renatured, either by slow dialysis or by gd 
filtration. See, U.S. Patent No. 4,511,503. 

Methods of transfecting and accessing genes in mammaiign cdb are 
known in the art. Transducing ceDs with nucleic adds can involve, for example, 
incubating viral vectors containing C6 nucleic adds with cdb within the host rai^ 
the vector. See, e.g.. MeOiods in Enzymology, voL 185, Academic Press, Inc., San 
Diego, CA (D.V. Goeddd, ed.) (1990) or M. Krieger, Gene TYwi^r aid Expresaon - 
A Laboratory Manual, Stodcton Press, New Yofk, NY, (1990) and the references cited 
flietein. 

The culture of cdls used in the present invention, induding cdl lines and 
cultured cdls from tissue or blood samples is wdl known in the art. Freshney (CWri/«j 
qfAnmd Cells, a Manual qf Basic Technigue, third edition WUey-Liss, New York 
(1994)) and the references dted thetdn provides a general guide to the culture of cdls. 
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Techniques for using and manipulating antibodies are found in Coligan 
(1991) Current Protocols in bnmmology "\Wley/Greene, NY; Harlow and Lane (1989) 
Antibodies: A Laboratory Manual Cold Spring Hari)or Press, NY; Stites et al. (eds.) 
Basic and CJinical bnmmology (4th ed.) Lange Medical Publications, Los Altos, CA, 
5 and references dted therdn; Coding (1986) Monodonal Antibodies: Prindples and 
Practice (2d ed.) Academic Press, New York, NY; and Kohler and Milstein (1975) 
Nature 256: 495-497. C6 antibodies which are specific for c-ejbB-2 bind c^B-2 and 
have a 1^ of IftM or b^ter, widi prefeired embodiments having a of 1 nM or betto- 
and most prefeired embodiments having a of 0.1 nM or better. 

10 In a prefened embodiment die C6 antibody gene (e.;. C6.5 sPv gene) is 

subdoned into the eiqnession vector pUC119Sfi/NotIfi8myc, m^udi is identical to tiie 
vector described by Griffitiis et aL, EMBO J., 13: 3245-3260 (1994), (except for tiie 
elifflination of an XBal restriction site). Hus results in tiie addition of a hen-bistidine 
tag at tfie C-terminal end of tiie sFv. A pHEN-1 vector DNA containing tiie C6.5 sFv 

15 DNA is prqared by alkaline lyas miniprqi, digested witii Ncol and NotI, and tiie sFv 
DNA purified on a 1.5% agarose gel. The C6 sFv DNA is ligated into 
pUC119Sfil/Notlffismyc digested witii Ncol and NotI and tiie ligation mixture used to 
transform dectrocompetoit Kcott HB2151. For expression, 200 ml of 2 x TY media 
containing 100 mg/ml ampidllin and 0.1% glucose is inoculated with KcoU HB21S1 

20 harboring tiie C6 gene in pUC119Sfil/NotlHismyc. Hie culture is giown at 37'C to an 
A600 nm of 0.8. Soluble sFv is expression induced by the addition of IFTG to a final 
concoitration of 1 mM, and the culture is grown at 30* C in a ghaifyT fiask overnight 

The C6 sFv may tiien be harvested from the poiplasm using tiie foUowing 
protocol: Cdls are harvested by centrifogation at 4000 g for 15 min, lesuapended in 10 

25 ml of ice ooU 30 mM Tris-HQ pH 8.0, 1 mM EDTA, 20% sucrose, and incubated on 
ice for 20 minutes. The bacteria are tiien pdleted by centiifogaticHi at 6000 g for 15 
min. and tiie "pei^ilasniic ficaction' cleared by centrifogation at 3O,OO0g for 20 min. 
The supernatant is then dialyzed overnight at 4*C against 8 L of IMAC loading buffer 
(50 mM sodium pfao^hate pH 7.5, 500 mM NaQ, 20 mM imidazole) and tiien flliered 

30 tiuough a 0.2 micnm filter. 

In a prefened embodiment, tiie C6 sFv is purified by IMAC. All steps 
are performed at 4*C. A column containing 2 ml of Ni-NTA lesin (Qiagoi) is washed 
witii 20 ml IMAC column wash buffer (50 mM sodium phosphate pH 7.5, 500 mM 
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NaCl, 250 mM imidazole) and 20 ml of IMAC loading buffer. Hie periplasmic 
preparation is thea loaded onto the column and the column washed sequentially with SO 
ml IMAC loading buffo- and SO ml IMAC washing bu£fer (SO mM sodium phosphate pH 
7.S, 500 mM NaCl, 25 mM imidazole). Protdn was eluted with 25 ml IMAC dution 
buffer (50 mM sodium phosphate pH 7.5, 500 mM NaQ, 100 mM imidazole) and 4 ml 
fractions collected. The C6 antibody may be detected by absoibance at 280 nm and sFv 
fraction ehited. To lemove dimeric and aggr^ated sPv, sanqiles can be concentrated to a 
volnme < 1 ml in a Centrioon 10 (Amicon) and fitactionaled on a Supeidex 75 column 
uang a nmning buffer of HBS (10 mM Hqies, ISO mM NaQ, pH 7.4). 

The purity of the final preparation may be evaluated by assi^ing an aliquot 
bySDS-PACS. The protein bands can be detected by Coomas^ stainiitg. The 
concentration can tfien be determined spectrpphotometiicany, ajMnmigg than an A210 nm 
of 1.0 co n ea p o n ds to an sPv concentration <rf0.7 mg/ml . 

n. MofflfieattftBrfClS AntihnHto*, 

A) DiSPtev of antlhodv fk-awnwits on fee siirfacg nf hurtP ri onhag*. fphagi. 
JkplnY) 

Display of antibody fragments on the sur£we of viruses which infect 
bacteria (bacteriophage or phage) makes it possible to produce human sFvs with a wide 
range of affinities and kinetic diaiacteristics. To display antibody fragments on the 
sur&ce of phage ^hage di^Iay), an antibody fragment gene is inserted into the gene 
encoding a phage surface protdn (pin) and the antibody firagmmt-pm fusion piotdn is 
expressed on the phage surfeoe (McCafferty et al. (1990) Nature, 348: 552-554; 
Hoogenboom et al. (1991) Nucleic Adds Res., 19: 4133^137). For example, a sFv 
gene coding for the Vh and domains of an anti-lysozyme antibo(ty CDL3) was inserted 
into the phage goie III resulting in the production (tf phage with die DI.3 sFv joined to 
the N-terminus of pm thereby produdng a "fusion" phage capable of binding lysozyme 
(McCafferty et al. (1990) Nature, 348: 552-554). 

Since the antibody fiagmoits on ttie sur&oe of Ae phage are functional, 
phage bearing antigoi binding antibody fragments can be sqarated from non-binding or 
lower affinity phage by antigen afSnity chromatography (McCaffiaty et al. (1990) 
Nature, 348: 552-554). Mixtures of phage are allowed to bind to the affinity matrix, 
nra-binding or lower affinity phage are removed by washing, and bound phage are duted 
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by treatment wiUi add or alkali. Dq)ending on the affinity of the antibody fragment, 
enrichment factors of 20 fQld-1,000,000 fold are obtained by single round of affinity 
selection. By infecting bacteria with the eluted phage, however, more phage can be 
grown and subjected to another round of selectkm. In this way, an enriehment of 1000 
fold in one round becomes 1,000,000 fold in two rounds of selection (McCafferty et al. 

(1990) Nature. 348: S52-554). Thus, even when enrichments in each round are low 
(Maries et aL (1991) /. MoL Biol, 222: 581-597), multiple rounds of affinity selection 
leads to the isolatioa of rare phage and tiie genetic material contained widiin vttai^ 
encodes the sequence of the binding antibody. The physical link between genotype and 
phenotype provided by phage di^lay makes it possible to test every meniber of an 
antibody fragment library for binding to antigen, even witii libraries as large as 
100,000,000 dones. Ftar example, after multiple rounds of sdection on antigen, a 
binding aPv tiiat occurred wifli a ftequency of only 1/30,000,000 clones was recovered 
(Marks er aL (1991) J, MoL BioL, 222: 581-597). 

Analysb of binding is simplified by including an amber oodon between die 
antibody fragment gene and gene m. This makes it posable to easUy switch between 
diq>layed and sohible antibody fragments simply by changing tiie host bacterial strain. 
When phage are grown in a supE suppresser strain ofE. cott, tiie amber stop codon 
between die antibody gene and gene m is read as glutamine and tiie antibody fragment is 
displayed on tiie sur&ce of tile phage. When eluted phage are used to infect a 
non-supressor strain, tiie amber codon is read as a stop codon and scduble antibody is 
secreted from tiie bacteria into die periplasm and culture media ^Mgenboom et al, 

(1991) Nucleic Adds Res,, 19: 4133-4137). Binding of soluble sFv to antigen can be 
detecled, e.g„ by EUSA usiqg a murine IgO monoclonal antibody (eg., 9H0) which 
recognizes a C-temdnal myc peptide tag on die sPv (Evan et al. (1985) MoL Cell BioL, 
5: 3610-3616; Munro et al. (1986) Cett, 46: 291-300), e.g., followed by incubation witii 
pdyckmal anti-mouse Fc conjugated to horseradish peroxidase. 

B) ffmgg fePhy can be used to increase antthnriy nffrH'tTi 

To create higher affinity antibodies, mutant sFv gene repertories, based on 
die sequence of a binding sFv, are created and expressed on die surfece of phage. 
Higher affinity sFvs are selected on antigen as described above and in Examples 1 and 2. 
One approach for creating mutant sFv gene rq)ertoires has been to replace eiUier tiie Vh 
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or Vl gene from a binding sFv with a Tq>^ire of nonimmune Vh or Vj. genes (chain 
shuffling) (Oackson et al. (1991) Nature, 352: 624^8). Such gene rq)ertoires contain 
numerous variable genes derived from the same germline gene as the binding sFv, but 
with point mutations (Marks er al. (1992) Bio/Tedinohgy, 10: 7^-783). Using light 
diain shuffling and phage display, the binding avidities of a human sFv antibody 
fragment can be diamafiaclly increased. See, e.g., Marks et aL Bio/TeOtu^gy, 10: 
779-785 (1992) in which ibe afflni^ of a human sFv antibody ftagment which bound die 
haften phenyloxazolone (phox) was increased fiom 300 nM to 15 nM (20 fold) (Marks er 
al. (1992) Bio/Tedmdlogy, 10: 779-783). 

O Isolation and eharagfaa-faariim lif nt.g. » hmn^n sFv whfeh Wnifc 
c-erbB-2. 

Isolation and chanctetization of C6.5 is described in detail in tihe 
Exanqdes below. Human sFVs which bound to c-eibB-2 were isolated by selecting the 
n onimmun e human sFv phage antibody library (desoibed in Example 1) on c-erbB-2 
extxaodlular domain pq»dde immobilized on polystyrene. Aiia five rounds of sdection, 
45 of 96 dones analyzed (A5/96) produced sFv whidi bound o-ob-lK by ELIS A. 
Restriction fragments analysis and DNA sequencing revealed the presence of two unique 
human sFvs, C4 and C6.5. Both of these sFvs bound only to c-ert)B-2 and not to a 
panel of 10 irrdevant antigens. Cell binding assays, however, indicated that <mly <::6.5 
bound c-eib-B2 expressed on cells, and thus this sFv was selected ibr further 
chaiacterizatum. 

m Piirifi«.fiA«nfrn^ 

To £adlitate purification, die C6.5 sPv gene was subdoned into the 
expression vector pUC119 Sfi-NobnycHIS which results in die addition of die myc 
peptide tag followed by a hexahistidine tag at die C-terminal end of die sFv. The vector 
also encodes die pectate lyase leader sequence which directs expression of die sFv into 
die bacterial perqilasm where die leader sequence is cleaved. This makes it possible to 
harvest native properly folded sFv directiy from die bacterial periplasm. Native C6.5 
sFv was eqnessed and purified from die bacterial siqieniatant nwiig immobilized metal 
affinity chromatography. The yield afier purification and gd filtration on a Superdex 75 
column was 10.5 mg/L. Odier C6 antibodies may be purified in a similar manner. 
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m Measimment of C6.S affiidtv for 

As explsaned above, selection £ar increased avidity involves measuring the 
affinity of a C6 antibody (e.g. a modified C6.5) for c-eibB-2. Methcxls of making such 
measuremmts are desoibed in detail in Exainples 1 and 2. Briefly, for example, die 
of C6.S and the kinetics of binding to c-^B-2 were detomined in a BIAcne, a 
biosensor based on surface plasmon resonance. Fcv tfiis technique, antigen is coupled to 
a denvatized sensor diip capable of ddectiqg diaoges in mass. When antibody is passed 
over the sensor dap, antibody binds to the antigen resulting in an increase in mass which 
is quantifiable. Meas u remen t of the rate of as s oc i a tio n as a function of antibody 
concen tra ti o n can be used to calculate the associatio n ntte constant Q^J. After the 
association phase, bufifer is passed over the diip and die rate of dissociation of antibody 
(}e^ determined. Rate constant k;. is tyfka33y measured in die range 1.0 x lO' to 5.0 x 
10* and kirir in die range 1.0 x 1&^ to 1.0 x 10«. Hie equilibrium constant Ka is often 
calculated as Ic^Ab and dius is typically measured in die range 10^ to 10*". Affinities 
measured in diis manner condate well widi affinities measured in solution by 
fluorescence quench titration. 

F> AfTinitv of C6.S for e-crhlU^. 

nie kinetics of binding and affinity of purified C6.5 were determined by 
BIAcore and die results are shown in Table 2. The of 1.6 x 10* M determined by 
BIAcore is in dose agreemoit to die K4 determined by Scatdiaid analysis afba 
radioiodination (2.0 X 10* M). C6.5 has a rapid k,, and a relatively rapid k^ The 
raind k^ correlates with die in vftny measurement diat onty 22% of an iigected dose is 
retained on die surface of SK-OV-3 cells after 30 minutes. Biodistribution of C6.S was 
determined and the percent injected dose/gm tumor at 24 hours was 1.1% with 
tumor/organ ratios of 5.6 for kidn^ and 103 for bme. TTiese values compare fevorably 
to values obtained for 741F8 d^r. 741F8 is a monoclonal antibody capable of Unding c- 
eibB-2 (see, e.g., U.S. Patent 5,169,774). The of 741F8 was also measured by 
BIAcore and agreed widi the value determined by scatchard analysis (Table 1). 
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Tabk 1 Characterization of aiiti-cert}B-2 sFV species. Characteristics of Ae murine 
anti-c-erbB-2 sFv, 741F8, and Ae liuman sFv C6.5 are compared. The affinity and 
dissociation constants were determined by Scatchard plot analysis, unless otherwise 
stated. Dissociation from c-erbB-2 positive (SK-OV-3) cdls was measured in an in vitro 
live cdl assay. Hie percmtage of injected dose per gxam (%JD/g) tumor and tumor to 
organ ratios were det^mined in biodistribution studies performed in s^arate groiq» of 
sdd mice (n^^ 10-14) bearing SK-OV-3 tumors overexpressing c*^B-2. SEM are 
<35% of the associated values, a « significantly improved ^<O.QS) compared to 
741F8 sFv. 



Paramo 


741F8 


C6.5 


Kd (BIAcoie) 


2.6x10* M 


1.6x10* M 


K« (Scatchaid) 


S.4xl0« M 


2.1x10* M 


kmCBIAcare) 


2.4x10* M->s-» 


4.0x10* M-> r» 


(BIAcoie) 


6.4x10* $■» 


6.3x10* 


% assodated with cell surface at 
15 min 


32.7% 


60.6% 


% associated with oeU siufi^ at 
30 min 


8.6% 


22.2% 


%JD/gTmam 


0.8 


1.0 


T:Blood 


14.7 


22.9 




2.8 


5.6a 


T:Liver 


14.2 


22.3 


T:Spleai 


10.3 


34.1 


T:&itestine 


25.0 


29.7 


T:Luiig 


9.4 


15.8 


T:Stomach 


8.9 


11.1 


T:Musde 


78.8 


158.7 


T:Bone 


30.0 


102.7 



These results show that a human sFv which binds specifically to c-erbB-2 
with moderate affinity was bem produced. The sFv expresses at high level inE. coUds 
native sFv, and can be easily purified in high yield in two steps. Techniques are known 
for the rapid and effidmtly purification of sFv from the bactmal pmplasm and to 
measure affinity without the need for labeling. 
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G> EstimatinF the afTinitv of unnurined sFv for c-€rbR>2. 

Phage display and selection generally results in the sdection of higher 
affinity mutant sFvs (Marks et al. (1992) Bio/Techiiology, 10: 779-783; Hawkins et al. 

(1992) /. MoL Biol 226: 889-896; Riechmann et al. (1993) Biochemisny, 32: 8848- 

5 88SS; Clackson et al. (1991) Nawre, 352: 624-628), but probably does not result in the 
sqwation of mutants with less than a 6 fold difference in afSnity (Riechmann et al. 

(1993) Biochemistry, 32: 8848*8855). Thus a rapid method is needed to estimate the 
rdative a£Bnities of mutant sPvs isolated after selection. Since increased a£Giiity results 
primarily from a reduction in tiie measurement of should identify higher affinity 

10 sPv. k«ir can be measured in tiie BLkcore on ui^urified sFv in bacterial periplasm, since 
GxpiGssioa levels are high em)ugh to give an adeqmte bindiqg signal and k^tt is 
indqiendent of concentration. The value of 1^ for perq>lasmic and purified sPv is in 
dose agreement (Table 2). 

15 Table 2. Comparison of determined on sFv in bacterial periplasm and after 
purification by IMAC and gel filtration. 



sFv 




C&5 poqdasm 


5.7 X 10* 


C6-S puiified 


6.3 X 10^ 


C6-Sala3 po^lasm 


9.3 X 10* 


C6-Sala3 puiified 


1.5 X ia» 


C6-Salal0 periplasm 


3.7 X 10* 


C6-5alal0 porified 


4.1 X 10* 



Ranking of sFv by k^, and hoice rdative affinity, can be determined 
without purification. Determination of relative affinity without purification significantiy 
increases the rate at which mutant sFv are characterized, and reduces the number of 
mutant sFv subcloned and purified which do not show inipraved binding characteristics 
30 over C6.S (see results of light chain shuffling and randomization below). 



m Increasini! the affinitv of C6.S hy rh^ln chnffKne 

To alter the afiinity of C6.5, a mutant sFv gene rq)ertoire was created 
containing the VH gme of C6.5 and a human VL gene repertoire (light chain shuffling). 
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The sFv gene rq)ertoire was cloned into the phage display vector pHEN-1 (Hoogenboom 
et al. (1991) Nucleic Acids Res., 19: 4133-4137) and after transformation a library of 2 x 
lO' transformants was obtained. Phage were prqpazed and concentrated as described in 
Example 1 or 2. 

5 Selections were performed by incubating the phage with biotinylated 

c-eAiBrl in solution. The antigen concentration was decreased each round, reaching a 
concentration less than the desired by the final rounds of selection. This results in the 
selection of phage cm the basis of affinity (Hawkins er a/. (1992) /. Mol Biol 226: 
889-896). After four rounds of selection, ffi/90 clones analyzed produced aPv which 

10 bound c-erbB*2 by EUSA. Single chain Fv was expressed fiom 48 EUSA positive 
clones (24 ftom the 3rd round of selection and 24 firom the 4th round of selection), the 
periplasm harvested, and the d^fk^deterinined by HIAcore. Single-chain Fvs were 
identified witii a kioir three times slower tiian C6.5. The Ught chain gene of 10 of tiiese 
aFvs was sequenced. One unique light chain was identified, Ca.1. ThissFvwas 

IS siibdoned into the h e xahistidin e vector, and expressed sFv purified by IMAC and gel 
filtration. Affinity was determined by BIAcore (Table 3). 

Table 3. Affinity and kinetics of binding of C6.5 light and heavy chain shuffled mutant 
sFv. 



20 



sFv done 


K*(M) 


k« (M^» s-«) 


k-r(S-') 


C6.5 


1.6 X 10* 


4.0 X 10* 


6.3 X 10* 


C6L1 (Ught chain shuffle) 


2.6 X 10* 


7.8 X 10* 


2.0 X la' 


C6VHB-4 (heavy chain shuffle) 


4.8 X 10* 


1.25 X 10* 


6.0 X 10* 


C6VHC Gieavy chain Muffle) 


3.1 X 10* 


8.4 X 10* 


2.6x10* 



Fbr heavy chain shuffling, the C6.5 VH CDR3 and light chain were 
cloned into a vector containing a human VH gene rqiotoire to create a phage antibody 
library of 1 x 10^ transformants. Selections were performed on biotinylated c-erbB-2 and 
30 after four rounds of selection, 82/90 clones analyzed produced sFv which bound c-erbB-2 
by EUSA- sFv was expressed firom 24 ELBA positive clones (24 from the 3rd round of 
selection and 24 firom the 4th round of sdection), the periplasm harvested, and the sFv 
krtf determined by BIAcore. Two clones were identified which had slower l;^, than C6.5 
(C6VHB-4 and C6VHC-4). Both of these were subdoned, purified, and afiinities 
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determined by BlAcore (Table 3). The affiniQr of C6.5 was increased 5 fold by heavy 
duin shuffling and 6 fold by light chain shufOiog. 

D Increasing the alTmitv of C6-S bv site directed nmtiieeiMiste of thu thM 
CDR of the light chain 

The majority of antigen oontactiiig amino add side chains are located in 
the oomplementaiity determining regions (CDRs), three in the Va (CDRl, CDR2, and 
CDR3) and three in the Vj. (CDRl, CDR2, and CDR3) (Chothia et td. (1987) /. Mol. 
BioL,m: 901-917; Chothia et aL (1986) Sdence, 233: 755-8; Nhan et aL (1991) /. 
MaL KoL, 217: 133-151). These residues contribute the msgority of binding energetics 
reqmn^le for antibody afBnity for antigen. In other mokcules, mutating amino acids 
which ccmtact ligaod has been shown to be an effective means (rfinereaang ttie affinity 
of one protein molecule for its binding partner ^jowman et al, (1993) /. Mol Biol , 234: 
564-578; Wdls (199(>) Biochemistry, 29: 8509-8516). Thus mutation (randomization) of 
the CDRs and screening against c-eibB-2 may be used to generate C6 antibodies having 
io^roved binding afBnity. 

For example, to increase die affinity of C6.5 for c-erbB-2, nine amino 
add residues located in VL C3>R3 (residues 89-95b, numbering according to Kabat et al. 
(1987) sig}ra. ; Table 2). were partially randomized by synthemang a 'doped' 
oligcmucleotide in which the wild type nudeotide occurred widi a firequency of 49% . 
The oligonucleotide was used to amplify the remainder of the C6.S sFv gene "«ing PCR. 
The resulting sFv gene repertoire was cloned into pCANTAB5E ^nrmada) to create a 
phage antibody library of 1 X 1(F transfotmants. The mutant phage antibody library was 
designated C6VLCa>R3. 

Sdection of the C6.5 mutant VL CDI3 library (C6VLCDR3) was 
petfonned on biotinylated c-etbB-2 as described above for light dudn shufifling. After 
three rounds of selection 82/92 clones analyzed produced sFv which bound c-erbB-2 by 
EUSA and after 4 rounds of sdectim, 92/92 dones analyzed produced sFv which bound 
c-etbB-2. Single-chain Fv was expressed from 24 EUSA positive dones fiom the 3rd 
and 4th rounds of sdection, the poiplasm harvested, and the !;« ddermined by BlAcore. 
The best dones had a Ic^r s^qnoximatdy 5 to 10 times slower dian diat of C6.5. The 
light chain genes of 12 sPvs with the slowest times from the 3rd and fourth round of 
sdection were sequenced and each unique sFv subcloned into pUC119 Sfi-Notmy<^. 
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Single^hain Fv was caressed, puiified by IMAC and gel filtration, and sFv affinity and 
binding kinetics determined by BlAcoie (Table 4). Mutant sFv were identified with 16 
fold increased afiGnity for c-^B-2. 



10 



T^le 4. Amino add sequence, a£finity, and binding kinetics of sFv isolated from a 
library of C6.S mutants. Table identified mutants isolated after the third and fourth 
rounds of selection. The entire VL CDR3 of C6.S is shown with ttie residues subjected 
to mutagenesis (89-9Sb) underlined. Sate constants k« and k^ were measured on 
purified and gel filtered sFv by SPR in a BIAcore and the Kd calculated. A hyphen 



sFv done 


V;. CDR3 
sequence 


(M) 






C6.5 


8 9 9 

9 Sab 7 
AAWDDSLSSWV 


1.6 X 10~® 


4.0 X 10^ 


6.3 V 10"^ 


3rd Reiiad < 


>f selection: 




C6ML3-5 




3.2 X 10"' 


5.9 X 10^ 


1.9 X 10 


C6HL3-2 




2.8 X 10"' 


7.1 X 10® 


2.0 X 10"^ 


C6NL3-6 




3.2 X 10"' 


5.9 X 10® 




C6ML3-1 




6.7 X 10"' 


3.0 X 10® 


2.0 X 10"^ 


C6ML3-3 


-T~YA 


4.3 X 10"' 


4.6 X 10® 


2.0 X 10"^ 


C6ML3-7 


YAV 


2.6 X 10"' 


6.5 X 10® 


1.7 X 10-3 


C6HL3-4 


-S-EY — m 


3.5 X 10"' 


4.0 X 10® 


1.4 X 10"3 


4tli Round C 


»£ selection: 




C6ML3-12 


Y-R 


1.6 X 10"' 


4.5 X 10® 


7.2 X 10"* 


C6ML3-9 


-S~YT 


1.0 X 10'' 


6.1 X 10® 


9.2 X ID"** 


C6HL3-10 


B-PHY 


2.3 X 10"' 


6.1 X 10^ 


1.4 X 10-3 


C6NL3-11 


YA-W 


3.6 X 10-' 


6.1 X 10® 


2.2 X 10"^ 


C6KL3-13 


AT-W 


2.4 X 10"' 


8.7 X 10® 


2.1 X 10"^ 


C6ML3-8 


HLRW 


2.6 X 10"' 


6.5 X 10® 


1.7 X 10"3 


C6HL3-23 


-S— H—W 


1.5 X 10"' 


6.7 X 10® 


1.7 X 10"3 


C6ML3-19 


-S — RP-W 


1.5 X 10"' 


6.7 X 10® 


1.0 X 10"^ 


C6ML3-29 


GT-W 


2.7 X 10"' 


12.9 X 10® 


2.2 X 10"^ 


C6ML3-15 


^RP-W 


2.2 X 10"' 


5.9 X 10® 


1.3 X 10"^ 


C6ML3-14 


p-w 


1.0 X 10"' 


7.7 X 10® 


7.7 X 10"* 



15 



20 



25 



30 



35 



WO97/D0271 PCT/US96/10287 

25 

Partial randomization of a single CDR (V^ CDR3) resulted in the creation 
of mutant sFvs with 16 fold higher affinity for c-eibB-2, indicating that CDR 
randomization is an effective means of creating higher affinity sFv. The results also 
show that die mediod of selecting and identifying higher affinity sFv by reducing soluble 
antigen concentration during sdections and screeniflg periplasms by BIAcore 
sequencing, subdoning and jnirification jmivides an efiBwtive w^^ 
antibodies. 




To create C6 (sPv*)2 antibodies, two C6 sFVs are joined tiuDugh a 
disulfide bond, or linker (e.^., a carbon linker) between the two <ysta^ TocreateC6 
(sFv),, two C6 sFv are joined directiy through a peptide bond or tiirough a peptide 
linker. Hius, for example, to create disulfide linked C6.5 sFv*. a cysteine residue was 
introduced by site directed mutagenesis between die myc lag and hexahistidine tag at die 
carboxy-terminus of C6.5. Introduction of die correct sequence was verified by DNA 
sequencing. construct is in pUC119, die pelB leader directs expressed sFv* to die 
periplasm and cloning sites (Ncol and Nod) exist to introduce C6.5 mutant sFv'. Hiis 
vector is called pUC119/C6.5 mycCysffis. E;qnessed sFV has die myc tag at die 
C-terminus, followed by 2 glycines, a cystdne, and dien 6 histidines to fecUitate 
purification by IMAC. After disulfide bond formation between die two cysteine 
residues, die two sFv' are sqarated from each odier by 26 amino adds (two 11 amino 

add myc tags and 4 glycines). An sFv' was expressed from tins construct, purified by 
IMAC, and analyzed by gd filtration. The miyority of die aPv' was monometic. To 
produce (sFv')a dimers, die cysteine was reduced by incubation widi 1 MM 
beta-mercaptoedianol, and half of die sPv» blodced by die addition of MNB. Blodced 
and unblodced sFv's were incubated togedwr to ftirm (SFv*), and die resulting 
analyzed by gd filtration. 50% of die monomer was converted to (sFV), homodimer as 
detennined by gd filtration and nonredudngpdyacrylamidegddediophoresis. Hie 
affinity of die C6.5 sFv' monomer and (sPv')2 dimer were determined by BIAoore 

(Tables). Tlie apparent affinity (avidity) of C6.5 increases 40 fdd when converted to 
an (sPv'), homodimer. 
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Table S. Affinities and binding kinetics of C6.5 sFv and C6.S (sPy%. 



Oone 


Kd(M) 


k« (M- V») 




C6.S monomer 


1.6 X ia» 


4.0 X 10* 


6.3 X 10-' 


C6.S dimer 


4.0 X la" 


6.7 X 10* 


2.7x10^ 



The C6.S (sFv*)2 exhibits a significant avidity effect compared to the sFv. 
Thus, this sqyproach increases antibody fragment afOnity, while remaining below the 
renal tiireshold for excretion. 

In a particularly preferred embodiment, the (sFv)2 dimer is ^qiressed as a 
diabody (HoUigere/fl/. (1993) Proc. Natl Acad. Sci. USA, 90: 6444-6448; and WO 
94/13804). This yields a bivalent molecule cmsisting of two C6.S sFv polypeptide 
chains, since the VH and VL on the same pq>tide diain cannot pair. Hie production of 
a pq>tide linked C6.S diabody is described in Exanqde 5, bdow. In this oan^le, the 
P9tide linkier sequence betwen the VH and VL domains was shortened from IS amino 
adds to 5 amino adds. Synthetic oligonudeotides encoding the 5 amino add linker 
(G4S) were used to PGR amplify tiie C6.5 Vh and Vl genes which were then spliced 
together to create tiie C6.5 diabody gene. Hie gene was tiioi doned into an appropriate 
vector, e^nessed, and purified according to standard mrthods wdl known to ttiose of 
ddll in the art. In another preferred embodiment, the (sPv)} dimer is produced usuig a 
longer pqitide liner tiiat permits tiie Vh and VI to pair, yidding a single polypeptide 
chain with two G6 faindmg sites. 

K) Effect of sFv afTinitv on fai vftm cell hinding ^nd in vivo biodistribiition. 
As described in the preceding section, chain-shufOed and point-mutation 
variants of C6.5 have been prepared witti Kd ranging ftom 1.0 x 10-* M to 1.0 x 10-* M. 
The mutant sFv have been used to examine tiie effects of binding affinity and kinetics on 
in vitro cell binding and on in vivo biodistribution. Cell sur&ce retoition assays 
demonstrate that higher affinity sFv are retained to a much greater extent than lower 
affinity sFv. For sFv of approximatdy ttie same affinity, sFv witii slower k;^ are better 
retained on tiie cell surface. In competitive binding assays, all of tiie molecules compete 
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in a dose depeadeat fiuhion with biodnylated C6^ for c-eibB-2 on fhi sui&ce of SK- 
BR-3 cells. 

Twoity four hour biodistiibution studies were p^fDrmed in sdd 
micebeaiing s.c. SK-OV-3 tumors to examine the role of affinity in the spedficity and 
S d^ree of tumonetention. These assays employed ^-labeled fioims trf C6.S» C6G98A, 
C6ML3-9 and a negative centred sPv at a dose of 25 mg. The c-eibB-2-spedfic siFv 
were selected to provide the fidlowing stqnvise increase in affinity; C6G98A (3.2 x 
10"^, C6.5 (1.6 X 10*) and C6ML3-9 (1.0 x 10^. The biodistributian studies zevealed a 
dose oondation between the afBnity and the %m/g of tiie ladioiodinated sPv retained in 

10 tumor. Thegreatestdpgreeof tumor retention was observed with *^-C6ML3-9 (1.42 ± 
0.23 %]D/g). Significantly less tumor retention was achieved with ^-C6.S (0.80 ± 
0.07 %ID/g) (p»0.Q30Q. FinaUy, the tumor retention of the lowest affinity done 
C6(398A (0.19 ± 0.04 %ID/g) was significandy less than that of C6.S (p«0.00001) and 
was identical to that of the n^ative control '^-26-10. The T:0 ratios also reflected tiie 

15 greater retoition of higher-affinity spedes in tumor. For example, tumor:blood ratios of 
17.2, 13.3, 3.5 and 2.6, and tumor to liver ratios of 26.2, 19.8, 4.0 and 3.1 were 
observed for C6NfL3-9, C6.5, C6G98A and 26-10, respectivdy. 

These results dononstrate tiiat sdective tumor retention of sFv molecules 
corrdates with their affinity properties. With furthn increases in affinity, additional 

20 improvemoits in tumor retention are d>served. 

U ADProach to nrodiipg highpr affffin^ hnman gFy. 

As described above and in Bxamples 1 and 2, a C6 antibody ie.g. C6.5 
sFv), which binds spedScaiay to c-eibB-2, is eqnessed at high levd in £L cob' as native 

25 protein, and can be dmi^ purified in high yidd. Optimized techniques for oeatmg 
large C6.5 mutant phage antibo(fy libraries and developed ««ffhnimM>« for efficiently 
sdecting higher affinity mutants from Aese libraries are provided. These techniques 
were used to increase C6.5 affinity 16 fold, to 1.0 x 10* M, by randomizing Vl CDR3, 
and 5 and 6 fdd by heavy and light chain shuffiing respectivdy. 

30 To fiirther increase affinity, mutant C6.5 phage antibody libraries can be 

oeated where the other CDRs are randomized (Vl CDRl and C3>R2 and Vh CDRl, 
CDR2 and CDR3). Each CDR is randomized in a sqiarate library, using, for example, 
C6ML3-9 as a template (K; = 1.0 x 10^ M). In a preferred embodiment, CDRs can be 
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sequentially landomizedy usiiig the highest affinity sFv as the template for the next round 
of mutagenesis. This approach would be piefaied when mutating CDRs that pack on 
each other, for example VL and VH CDR3. In another embodiment, CDRs could be 
mutated in parallel, and mutations combined to achieve an additive effect on affinity. 
5 This dpptoach has been used to increase the affinity of human growdi hormone (hGH) 
for the growA hormone recq)tor over 1500 fold from 3.4 x IQr^^ to 9.0 x IQ-^' M 
(Lowman ei al. (1993) /. Mol. Biol, 234: 564-578. 

Vh CDR3 occupies the center of the binding podoet, and thus mutations in 
tiiis region are likdy to result in an increase in affinity (Oackson er aL (1995) Sdence, 

10 267: 383-386). In one embodiment, four Vh CDR3 re^dues at a time are randomized 
usiqg the nucleotides NNS. To create the library, an oligonucleotide is synthesized 
which anneals to the C6.S Vh irameworic 3 and encodes Vh CDS3 and a portion of 
fhunework 4. At the four positions to be randomized, the sequence NNS is used, where 
N » any of the 4 nucleotides, and S » C or T. The oligonucleotide are used to amplify 

15 the C6.5 Vh gene usmg PGR, creati]]^ a mutant C6.5 VH gene xqpotim PGR is used 
to splice the VH gene repertoire with the C6ML3-9 light chain gene, and the residtiQg 
sFv goe lepertxnre dcmed into the phage display vector pHEN-1. ligated vector DNA 
is.used to transform electrocompetent £L coU to produce a phage antibody library of > 
1.0 X 10^ clones. 

20 To select higher affinity mutant sFv, each round of selection of Ae phage 

antibody libraries is conducted on decreasing amounts of biotinylated c-erbB-2, as 
described in the Examples. Typically, 96 clones from the third and fourth round of 
sdection are screraed for binding to c-erbB-2 by EUSA on 96 well plates. Single-chain 
Fv from twenty to forty ELIS A positive clones are repressed in 10 ml cultures, the 

25 p^plasm harvested, and the sPv kio^r determined by BIAcore. Qones with the slowest 
are sequenced, and each unique sFv subcloned into pUC119 SfiNotmycffis. Single 
diain Fv is expressed in IL cultures, and purified as described supra. Affinities of 
purified sFv are determined by BIAcore. Randomization of one four amino add segment 
of Vh CDR3 produces a C6 mutant with a K]> of 1.6 x lO''*' M (see Exaniple 3). 
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M) In vitro ceM blnffinp assays, in vivo pharmiicokingtig md Modtorihiitinn 
studies ^ 

Once high^ affinity sFv*s are identified, production is scaled up to 
provide adequate material for in vitro cdl binding assays and in vivo phannacokinedc 
and biodistribution studies. Techniques for scaling iq> production are known. Bri^y, in 
me raibodimmt, sPv is expressed in E. coli cultures grown in 2 liter shakff flasks. 
Single-diain Fv is purified £com the periplasm as described above and in Examples 1 and 
2. Mutant sPv of higher affinity are tested using the odl retention assay described in 
Examples 1 and 2. Since the t|o of retention should be aqiproKiniately two hours when 
li;rfr is less Oan 10^, tiiie assay is done at 30, 60, 120, 240 minutes and 18 hour 
incubations. Scatdiard analyses may be performed cm selected samples. 

These studies show that affinities measured in the HIAoore on inunobilized 
antigen correspond to improved cell binding. The pharmacokinetic and biodistribution 
properties of sPv molecules witii broadly different affinity duracteristics are screened 
using labeled sFv and scid mice bearing human SK-OV-3 tumors. This serves to identify 
molecules with m vivo properties that make tiiem unsuitable for use as therqieutics i.e., 
unexpected aggregation, or unacceptable normal organ retention properties. 

Twenty four hour biodistribution results are convenient indicators of 
overall biodistribution properties. C6 antibodies, for example C6.S mutants, with 
affinities between 1.6 x 10^ M and 1.0 x 10"" M, and whidi differ at least 3 to 4 fold in 
affinity, are screwed. Mutants with similar but with rficdmiiar are also studied. 
A number of C6.5 series affinity variants are tested and more extensive biodistribution 
studies performed on molecules that differ significantiy from C6.5 m the nearest affinity 
variant in 24 hour biodistribution characteristics. These data are used to generate 
tissue-specific AUG determinations, as well as tumonnormal organ AUG ratios and 
MIRD estimates. 

Sample molecules associated with &vorable predicted human dosimetry 
(e.g., based upon the MIRD formulation) are assayed for tiieir in idvo therapeutic 
efficacy in mice. 

An affinity of 1.0 x 10"" can be diosen as an endpoint in tfiis preferred 
embodiment because the associated Is^ (10^) results in a t|/2 dissociation from tumor 
of greater than 20 hours. Higher affinity endpoints can be selected and result in even 
longer retention. The t|/2 for dissociation of C6.S is approximately 3 minutes. This 
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inventum provides optiinized techniques for cieadng lazge C6.5 mutant phage antibody 
libraries and techniques for efficiently selecting higher affinity mutants fiom these 
libraries. A number of C6.S mutants with affinities between 1.6 x 10* M to 1.0 x 10-'<* 
M are provided. Combining these mutations into Hhb same sFv produces sPv mutants 
5 with between 1.6 xlO-<°M and 3.3 xia"M. 



Pfc^naration of C6 (s¥yfi.JsVv*\. Fah. and fFabn. eimino«t^ 

C6 antibodies sudi as G6.S sFv, or a variant widi higher affinity, are 

10 suitatde templates for creating size and valency variants. ¥m example, a C6.5 (sFv*)} is 
created from the par»t sFv as described above and in Exanq^ 1. An sFv' can be 
ciealed by exdsiqg teh sFv gene, e.g., with Ned and Noll fmm pHEN^l or pUC119 
Sfi-Notmycffis and dmed into pUC119C6.SmycCysms, cut with Ned and Notl. In one 
embodiment, expressed sFv* has a myc tag at the C-terminus, Mowed by 2 glydnes, a 

IS cysteine, and 6 histidines to fidlitatB purification. Afta disulfide bond formation 

between the two cysteine residues, the two sFv should be separated from each other by 
26 amino acids (eg., two 11 amino add myc tags and 4 glycines). SFv is expressed 
from tfiis construct and purified. To produce (sFv')2 dimers, the cysteine is reduced by 
incubation with 1 Mm beta-mercaptoethanol, and half of the sFv blocked by the addition 

20 ofDTNB. Blocked and unblocked sFv are incubated togedier to form (sFv')2, which is 
purified. This approach was used to produce C6.5 (sFv02 dimer, which demonstrates a 
40 fold higher affinity than C6.5. A (sFv')2 may be constructed for example, from 
C6L1 (Kj = 2.5 X lO^M) and C6ML3-9 (K^ = l.Ox 10*»«). As higha a£Bdty sPv 
become available, their genes are similariy used to ccmstruct (aiPv*)|. 

25 Altemativdy, C6 (sPv), can be produced by linking the two sFv by a 

pqitide, as described in Example 5. As higher afSnity sPv become available their genes 
can be used to construct higha affinity (sFV),. 

C6.5 based Fab are expressed in E.cott using an expression vector similar 
to the one described by Better et. aL (Better er d (1988) Science, 240: 1041-1043). To 

)0 create a C6.S based Fab, the VH and VL genes are amplified fiom the sFv usiqg PGR. 
The VH gene is doned into a FUC119 based bacterial expression vector which provides 
the human IgG CHI domain downstream fiom, and in fiame with, the Vh gene. The 
vector also contains the lac promoter, a pdb lead^ sequence to direct oqnessed V,f-CH1 
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domain into the poiplasm, a gene 3 leader sequence to direct eiqiiessed light chain into 
die periplasm, and cloning sites for the light diain gene. Qones containing die conect 
VH gene are identified, e.g., by PGR fingerprinting. The Vl gene is spliced to die Q 
gene using PCR and cloned into the vector containing die Vg CHI gene. 

m. Preparation of rhim ericMoleenleg. 

In anodier embodiment this invention provides for diimeric mniiy^fiftT 
oonqniang a C6 antibocty attached to an efifeetor mdecale. As «wpiainffd above, die 
efifector nudecule component of die chimeric molecules of diis invention may be any 

molecule wdiose activiQr it is desired to ddiver to odk diat eaqness o-cstaB-2. Suitable 
^feetor molecules indude cytotonns sudi as FE, Ridn, Alnin or DT, radionuclides, 
ligands such as growtii fectors, antibodies, detectable labels such as fluorescent or 
radioactive labels, and tiieiapeutic compositions such as liposomes and various drugs. 

A) CYtfltiwrim, 

Particularly preferred cytotoxins include Pseudomonas exotoxins, 
D^Mieria toxins, ricin, and abiin. Pseudomonas exotoxin and DipOiteria toxin, in 
particular, are irequendy used in diimoic cytotoxins. 

i) Pseudomonas iocotmriii n»K) 

Pseudomonas exotoxin A (PE) is an extremely active monomeric protein 
(molecular weight 66 kD), secreted by Pseudomonas aeruginosa, which inhibits protein 
syndiesis in eukaryotic cells dirough die inactivation of elongation fiu:tor 2 (EF-2) by 
catalyzing its ADP-ribosylation (catalyzing die transfer of die ADP ribosyl moiety of 
oxidized NAD onto EP-2). 

The toxin contains three structural domains that act in concert to cause 
cytotoxicity. Domain la (amino adds 1-252) mediates cdl binding. Domain n (amino 
adds 253-364) is responsible for translocation into die cytosol and domain m (amino 
adds 400-613) mediates ADP ribosylation of dongation factor 2, which inactivates die 
protein and causes cdl deadi. The function of domain lb (amino adds 365-399) remains 
undefined, aldiough a large part of a, amino adds 365-380, can be ddeted widiout loss 
of cylotoxidty. See Si^ et al,, J. Biol. Chem, 264: 14256-14261 (1989). 
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For maximum cytotoxic properties of a preferred PE molecule, several 
modificadons to the molecule are recommended. An apptopaata carboxyl tominal 
sequence to the recombinant molecule is preferted to translocate the molecule into the 
cytosol of taiget cells. Amino add sequences whidi have been foimd to be effective 
5 include, REDLK (as in native FE), REDL, RDEL, or KDEL, rqieats of those, or other 
sequences that function to maintain or re^de proteins into the endoplasmic reticulum, 
referred to here as 'endoplasmic ration sequences". See, for exanqde, Chaudhary er 
al. Proc. Nad. Acad. Sd. USA 87:308-312 and Seetbaram er (d, J. Biol Oiem. 266: 
17376-17381 (1991). 

10 The targetii^ moletMile can ha liMwrtwH in ngtla^rfmiHt for dftmain fa. A 

similar insertion has been acconqdished in what is known as the T(3Fcr-FEM 
(also referred to as TP40) described in Heimbrooker 021, i^. Nad. Acad. SeL, USA, 
87: 4697-4701 (1990). See also, Debinsld er aL moconj. Chem., 5: 40 (1994) for other 
FE valiants). 

15 The FE moleeules can be fused to the C6 antibody by xeoombinant means. 

The genes enoodiqg protein chains may be doned in d>NA or in genomic form by any 
doning procedure known to those skilled in the art See for example Sambrook et al., 
Mdkadar OotUng: A Laboratmy Manual, Cold Spring BaAor Laboratory, (1989). 
Me&ods of donmg genes encoding FE fused to various ligands are wdl known to those 

20 of skill in the art See, for example, Si^gall et aL , FASEB J. , 3: 2647-2652 (1989); 
Chaudhary et al. Proc. Natl. Acad. Sci. USA, 84: 4538-4542 (1987). 

Those iddlled in the art will realize that additional modifications, dd^ions, 
insertions and the like may be made to the chimeric molecules of the present invention or 
to the nucleic add sequoices oicoding the C6 chimedc molecules. Eq)ecially, deletions 

25 or changes may be made in FE or in a linker connecting an antibody pne to FE, in 
order to increase cytotoxicity of die fusion proton toward target ceUs or to decrease 
nonspecific cytotoxidty toward cdls without antigen for fte antibody. All sudi 
constructions may be made by mettiods of genetic engineering well known to those 
skilled in the art (see, generally, Sambrook et al. , supra) and may produce protdns that 

30 have differing properties of afBnity, qwdfidty, stability and toxidty that make t^ 
particularly suitable for various dinical or biological applications. 
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like PE, diphtheria toxin (DT) lolls cells by ADP-ribosylating elongation 
factor 2 (EF-2) thKd>y inhibiting protdn synthesis. Diphtheria toxin, however, is 
divided into two chains, A and B, linked by a disulfide bridge. In contrast to P£, chain 
B of DT, which is on the caiboxyl »d, is responsible for recqMor binding and chain A, 
whidi is present on the amino end, contains the enzymatic activity (Uchida ei al.. 
Science, 175: 901-903 (1972); Uchida et id. J. Biol Chem., 248: 3838-3844 (1973)). 

The targeting motecide-Dqihtheria toxin fusion proteins of this invention 
may have the native xecqMor-binding domain removed by truncation of the Diphtheria 
toxin B chain. DT388, a DT in which the carboi^l terminal sequence beginning at 
residue 389 is rraioved is illustiated in Chaudhary, e$ aL, BiodL Biophys. Res. Comm., 
180: 545-551 (1991). 

Like the FE diimeric cytotxnrins, the DT molecules may be chemically 
conjugated to the C6 antibody but, may also be prqnred as fusion protdns by 
recombinant means. The genes encoding protein diains may be cloned in cDNA or in 
genomic form by any cloning procedure known to those skilled in the art. Methods of 
cloning graes encoding DT fused to various ligands are also well known to those of skill 
in the art. See, for example, Williams et al. J. Biol. Chem. 265: 11885-11889 (1990) 
which describes the expression of growth*&ctor-DT fusion protdns. 

The term "Diphtheria toxin* (DT) as used herein refers to full length 
native DT or to a DT that has been modified. Modifications typically include removal of 
the targeting domain in the B chain and, more spedfically, involve truncations of the 
carboxyl region of the B chain. 

Vi Dctectohtelnhiik. 

Detectable labels suitable for use as the efifector molecule component of 
the chimeric molecules of this invention include any composition detectable by 
spectroscopic, photochenucal, biochemical, immunochemical, electrical, optical or 
chemical means. Useful labels in the present invention include magnetic beads (e.g. 
Pynabeads™), fluorescent dyes (e.g., fluorescein isothiocyanate, texas red, rhodamine, 
green fluorescent protein, and die like), nuliolabels (e.g. , ^H, "^I, "S, "C, or ^), 
enzymes {e.g., horse radish peroxidase, alkaline phosphatase and otiiers commonly used 
in an EUSA), and colorimetric labels such as colloidal gold or colored glass or plastic 



wo 97/00271 PCT/US96/10287 

34 

(e.g. polystyrene, polypropylene, latex, etc.) beads. Patents teaching the use of such 
labels include U.S. Patent Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 
4,275,149; and 4,366,241. 

Means of detecting such labels are well known to those of skill in the ait. 

Thus, for example, ladiolabds may be detected using photographic film or «rinriiiflriffn 

counters, fluorescent markers may be detected using a photodetectnr to detect emitted 

illumination. Enzymatic labds are typtcaDy detected by providing the enzyme ^ 

substrate and detecting the leaction product produced by the action of the enzyme on the 
substrate, and coloiimetxic labds are detected dmply visualiziqg Oe ootoied label. 

Q TJpwiHc 

As Mqdained above, fee effector molecule may also be a ligand or an 
antibody. Particularly preferred ligand and antibodies are those that bind to surfiu* 
markers of immune cells. Oiimeric molecules utilizing such antibodies as effector 
molecules art as bifunctional linkers establishiAg an association betv^ 
bearing binding partner for the Ugand or antibody and the tumor cells expressing the c- 
etbB-2. Suitable antibodies and growth fectors are known to those of skm in the art and 
include, but are not limited to, JLr2, JIM, lL-6, IL-7, tumor necrosis fictor CTNF), anti- 
Tac, TGFtt, and the like. 

Other ♦hi>rap^i ^e motcHi^ 

Other suitable effector molecules include pharmacological aigents or 
encapsulation systems containing various pharmacological agents. Thus, the C6 antibody 
may be attached directly to a drug that is to be delivered directfy to the tumor. Such 
drugs are wdl known to those of skill in the art and include, but are not limited to, 
doxiiubicin, vinblastine, genistein, antisense molecules, ribozymes and the like. 

Alternatively, the effector molecuJe may comprise an eneapwiiaHftn 
system, such as a liposome or miceUe that contains a thcrsqjeutic composition such a^ 
dnig, a nucleic add (e.^. an antisense nucleic add), or another tiierapeutic moiety tii« 
preferably shielded ftomdirert exposure to file circulatory system. Means of prqaiing 
liposomes attached to antibodies are weU known to those of skill in the art. See, for 
example, U.S. Patent No. 4,957,735 and Connor er «/., Mum. Ther., 28: 341-365 
(1985). 
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E> Atfuchnieiit of the c6 antibody to the effcrtor innli>piilff 

One of skill will appreciate that the C6 antibody and the effector molecule 
may be joined together in any order. Thus the effector molecule may be joined to either 
tiie amino or caiboxy termini of the C6 antibody. The C6 antibody may also be joined to 
an internal region of the effector molecule, or convarsdy, the efifector molecule may be 
joined to an intranai location of the C6 antibody as long as the attachment does not 
interfile wiA the xespe^ve activities of die molecules. 

The C6 antibody and the efifector molecule may be attached by any of a 
number of means wdl known to those of skill in the art. Typically die efifector molecule 
isoonjupted, dtfaerdirecayordm>ughalinkBr(s]»u»), totheC6an However, 
where the ^fector molecule is a polypeptide it is pr^eiable to recombinantly eaqxress the 
chimeric molecule as a siqgle-duun fusion protdn. 

i) Conlugatiop of the effector molecule to the targef me TPftlmfk. 

In one embodiment, the targeting molecule C6 antibody is chemically 
conjugated to the efifector molecule (e.;. a cytotoxin, a label, a ligand, or a drug or 
lq)Osome). Means of chemically conjugating molecules axe well known to those of skill 
(see, for example. Chapter 4 in Monoclonal Antibodies: Principles and Applications, 
Birch and Lennox, eds. John Wiley & Sons, Inc. N.Y. (1995) which describes 
conjugation of antibodies to anticancer drugs, labds induding radio labds, eniymes, and 
tiielike). 

The procedure for attadiing an agmt to an antibody or otiier polypeptide 
targeting molecule will vary according to die chemical structure of die agent 
Polypeptides Really contain variety of functional groups; e.;., caiboxylic add (COOH) 
or free amine (-NH2) groups, whidi are available for reaction with a suitable functional 
groiq) on an efifector molecule to bind the efifector thereto. 

Altemativdy, the targeting molecule and/or efifector molecule may be 
derivatized to e^se or attach additional reactive functional groups. The derivatization 
may involve attachment of any of a number of linker molecules such as those available 
from Pierce Chemical Company, Rockford niinois. 

A "links*, as used hecdn, is a molecule that is used to join die targeting 
molecule to die efifector molecule. Ihe linker is capable of forming covalent bonds to 
bodi die targeting molecule and to die efifector molecule. Suitable linkers are wdl known 
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to those of skill in the ait and include, but are not limited to, straight or branched-chain 
carbon linkers, heteio^cUc carbon linkers, or pqitide linkers. Where the targeting 
molecule and the d&ctor molecule are polypeptides, the linkers may be joined to die 
constituent amino adds through dieir side groups (e.g. , through a disulfide linkage to 
cysteine). However, in a preferred mbodiment, the linkos will be joined to tfie alpha 
carbon amino and carboxyl groups of the terminal am ino acids. 

A bifimcticmal linker having one fiuctional groiq> reactive 1^ 
a particular agent, and another groiq» reactive wifli an antibody, may be used to form die 
defied imimmocQiyugatB. AUenoativ^, deiivatizaticm noa^ involve chemical treatment 
of the targeting molecule, e.g., glyod deavage of a sugar moieiy attached to tfie protein 
antibody with periodate to graoate firee aldehyde groups. The free alddiyde groups <m 
the antibody may be reacted widi fiee amine or hydrazine gronps on an agent to bind tiie 
agent thereto. U.S. Patent No. 4,671,958). Procedures for generation of free 
sulfhydryl groups on polypqitide, such as antibodies or antibody fragments, are also 
known (See U.S. Pat. No. 4,659,839). 

Many procedure and linker molecules for attadimoit of various 
confounds induding xadumudide metal didates, toxins and drugs to proteins such as 
antibodies are known. See, for exanq>le, European Patent Application No. 188,256; 
U.S. Patent Nos. 4,671,958, 4,659,839, 4,414,148, 4,699,784; 4,680,338; 4,569,789; 
and 4,589,071; and Borlinghaus et aL Cancer Res. 47: 4071-4075 (1987) which are 
incorporated herdn by refermce. In particular, production of various immunotoxins is 
well-known within the art and can be found, for example in "Monodonal Antibody- 
Toxin Conjugates: Aiming the Magic Bullet,* Tliorpe a al.. Monoclonal Antibodies in 
Clinical Medicine, Academic Press, pp. 168-190 (1982), Waldmann, Science, 252: 1657 
(1991), U.S. Patent Nos. 4,545,985 and 4,894,443. 

In some drcumstances, it is desirable to fiee the effector mdecule horn 
the targding molecule when the diimeric mdecule has readied its target site. Therefore, 
diimenc conjugates conqnising linkages whidi are deavaUe in the vicinity of die tar^ 
site may be used when the effector is to be rdeased at the tar^ site. Cleaving of the 
linkage to release the agent fiom the antibody may be prompted by enzymatic activity or 
conditions to which the immunoooiyugate is sulgected either inside the targd cdl or in 
the vicinity of the target site. When the targd site is a tumor, a linker which is 
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deavable under conditions present at the tumor site ie.g. when exposed to tumor- 
associated enzymes or acidic pH) may be used. 

A numba of different deavable linkera are known to those of skill in the 
art. See U.S. Pat. Nos. 4,618,492; 4,542,225, and 4,625,014. The mechanisms for 
rdease of an agent from these linker groins include, for example, irradiation of a 
photdabile bond and addsatalyzed hydrolysis. U.S. Pat. No. 4,671,958, for example, 
indndes a descr^tion of immunoooiyttgates comprising linkers whidi are deaved at die 
taii^aitein WMO by the pcotedytic enzymes of the patient's conqdemem^^ Li 
view of the laige number of methods Oat have been sepocted to aOachiqg a vaii^ of 
radiodi^gnostic compounds, xadiothoapentic compounds, drugs, tindns, and tiOier agents 
to antibodies one skilled in die ait win be able to detennine a suitable mediod for 
attaching a given agent to an antibody or other polypeptide. 

m PrtHluetiim of fiirinn pmtehB, 

Where the C6 antibody and/or the effector molecule are relatively short 
(<.e., less tfian about 50 amino adds) diey may be synthesized using standard chemical 
pqitide synthesis tedmiques. Where both molecules are rdadvdy short the chimoic 
molecule may be synthesized as a single contiguous polypq)tide. Altemativdy die C6 
antibody and the effector molecule may be synthesized separatdy and then fused by 
condensation of the amino terminus of one molecule with the carboxyl terminus of the 
other molecule thereby forming a pepdde bond. Altemativdy, die targeting and effector 
molecules may each be condoised widi one end of a peptide spacer molecule theidiy 
forming a contiguous fusion protein. 

Solid phase syntiiesis in which die C-terminal amino add of the ^^nwt 
is attached to an insduble support followed by sequential addition of the remaining 
amino adds in die sequence is die preferred mediod for die chemical syndiesis of die 
polypeptides of diis invention. Tedmiques for solid jiase syndiesis are described by 
Baiany and Menifidd, SoM-Phase PqnUIe SynOiesir, pp. 3-284 in The Pqftides: 
Amfysis, Synthesis, Biology. Vol. 2: Special Methods in Ftptide SynOiesis, Part A. , 
Menifidd, et al. J. Am. Oiem. Soc., 85: 2149-2156 (1963), and Stewart et aL, Solid 
Phase Peptide SynOiesis, 2nd ed. Pierce Caiem. Co., Sockfotd, m. (1984). 

In a preferred embodimoit, the chimeric fimon proteins of the presoit 
invention are syndiesized using recombinant DNA mediodol<)gy. CSenetally diis involves 
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creating a DNA sequmce that encodes the fusion protein, placing the DNA in an 
eaqpression cassette under the control of a particular promoter, expressing the protdn in a 
host, isolating the expressed protdn and, if required, renaturing the protein. 

DNA encoding the fusion proteins (e.;. C6.SAb-FE) of this invention may 
S be prq>ared by any suitable method, including, for example, dcming and restriction of 
appropriate sequences or direct chemical synthesis by methods sudi as the 
phosphotriester method of Narang et id. MeA. Emymol 68: 90-99 (1979); tfie 
phosphodiester mediod of Brown et al., MeA. Emymol 68: 109-151 (1979); tfie 
diethylfdiosphoramidite method of Beaucage et al., Tetra. Lett., 22: 1859*1862 (1981); 

10 and die solid support method of U.S. Patent No. 4,458,066. 

Chenucal synthesis produces a single stranded oligonudeotide. This may 
be converted into double stranded DNA by hybridization with a complementary 
sequence, or by polymerization with a DNA polymerase using the single strand as a 
template. QneofddU would recognize that while chemical synthesis of DNA is limited 

15 to se q umces of about 100 bases, loiter sequences may be obtained by the ligation of 
diorter sequences. 

Alternatively, subsequences may be cloned and the appropriate 
subsequences cleaved using appropriate restriction enzymes. The fragments may then be 
ligated to produce the desired DNA sequrace. 

20 In a preferred embodiment, DNA encoding fusicm proteins of the i^esent 

invention may be cloned using DNA amplification metiiods such as polymerase chain 
reaction (PGR). Thus, for example, the goie for the C6 antibody may be amplified from 
a nucleic add template (clone) using a sense primer containing a first restriction site and 
an antisense primer containing a second restriction site. This produces a nucleic add 

25 encoding the mature C6 antibody sequence and having terminal restriction sites.. A 
cytotoxin (or other polypeptide effector) may be cut out of a plasniid encodir^ tha^ 
efifector using restriction enzymes to produce cut ends suitable fi»r mn^Ung to the C6 
antibody. Ligation of the sequences and introduction of the construct into a vector 
produces a vector encoding die C6-e£fector molecule fusion pro^ Such PGR doning 

30 methodsare weU known to those of sIdU in die art (see, >brezai^ Ddbinski et al. Im. 
J. Cancer, 58: 744-748 (1994), for an example of the prq)aration of a PE fusion 
protein). 
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While the two molecules may be directly joined together, one of skill will 
appreciate that the molecules may be separated by a pqitide spacer consisting of one or 
more amino acids. Generally the spacer will have no specific biological activity other 
than to join the proteins or to preserve some minimum distance or other spatial 
5 relationship between them. However, the constituent amino adds of the spacer may be 
selected to influence some property of the molecule sudi as the folding, net diarge, or 
hydrqphobidty. Chie of skiU wiU qnnedate that PGR primers may be se^^ 
introduce an amino add linker or spacer between the C6 antibody and the effector 
molecule if desired. 

10 The nucleic add sequences encoding the fusion proteins may be expressed 

in a variety of host cdls, including coU, otha bacterial hosts, yeast, and various 
higher cukaryotic cdls such as the COS , CHO and HeLa cdls lines and mydoma cell 
lines. The recombinant protdn gene will be opmbly linked to appropriate expression 
control sequences for each host. For E. coti this indudes a promoter such as the T7, 

15 trp, or lambda promoters, a ribosome binding site and prefmably a transcription 

termination signal. For eukaryotic cells, the control sequences will include a promoter 
and preferably an enhancer derived from immunoglobulin genes, SV40, cytomegalovirus, 
etc., and a polyadenylation sequoice, and may include splice donor and acceptor 
sequences. 

20 The plasmids of the invention can be transferred into the chosen host cdl 

by well-known methods such as caldum chloride transformation for E. coli and caldum 
iriiosphate treatment or dectroporation for mammalian cells. Cdls transformed by the 
plasmids can be sdected by reastance to antibiotics ocmfened by genes contained on Oe 
plasmids, sudi as the amp, gpt, neo and hyg genes. 

25 Once expressed, the recombinant fusion proteins can be purified according 

to standard procedures of the art, induding ammonium sulfate precqntation, affinity 
oolunms, column duomatogRq>hy, gd electrophoresis and tiie like (s££, generally, R. 
Scopes, Frotdn Purification, Springer-Verlag, N.Y. (1982), Deutscher, Methods in 
Enzymology Vol. 182: Guide to Protein Purificatian., Academic Press, Inc. N.Y. 

30 (1990)). In a prefiened mibodiment, the fiisicHi protdns are purified using affinity 

purification methods as described in Examples 1 and 2. Substantially pure compositions 
of at least about 90 to 95% homogendty are preferred, and 98 to 99% or more 
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homogmeity are most preferred for pharmaceutical uses. Once purified, partially or to 
homogeneity as desired, the polypeptides may thai be used therapeutically. 

One of skill in the art would recognize that after chemical synthesis, 
biological e9q)ression, or purification, die C6 antibody-effector fusion protein may 
possess a conformation substantially diffident than the native conformations of the 
consdtumt polypeptides. In this case, it may be necessary to denature and reduce the 
polypeptide and then to cause die polypeptide to re-fold into the prefjerred conformation. 
Methods of reducing and denaturiqg proteins and indudng re-folding are well known to 
thoseof skillintheart (See, Ddnnski er ii/. /. BtoZ. Oren 
Kreitman and Fastan, Biomrgug. Chem.» 4: 381-S8S (1993); and Bucfaner, et al.. Anal. 
Biochenu, 205: 263-270 (1992). Dd>inski et al.^ for example, describe the denaturation 
andreducdonof induaon body proteins in guanidine-DTE. Hie protein is dien refolded 
in a redox buffer containiqg oxidized glutatfaicme and L-arginine. 

One of skill would recognize that modifications can be made to the C6 
antibody-efiEBCtor fusicm protons without diminishing fteir bialogical activi^. Some 
modifications may be made to fadlitate the doning, expresaon, or incoipQration of the 
targeting molecule into a fusion protein. Such modificaticms are well known to those of 
skill in the art and include, for exam|de, a methionine added at the amino terminus to 
provide an initiatiQn site, or additional amino adds placed on either terminus to create 
conveniratly located restriction sites or termination codons. 

As oplained above, the C6 antibodies may be used for the in vivo or in 
^inv detection of c-eibB-2 and thus, in the diagnosis and/or localization of cancers 
characterized by the expression of c-ecbB-2. 

A) /ff WygPrtwtiiPffiQft-crt>M» 

Hie C6 antibodies and/w chimoic molecules of the present invention may 
be used for in vjw detection and localization of cells (e.g. o«bB-2 positive carcinoma) 
bearing c-^B-2. Such detection invohres administering to an organism a ^umoic 
mole(^ compri^ a C6 joined to a labd detectable in Ww. Such labds are well 
known to tfiose of skill in the art and indude, but are not limited to, dectron dmse 
labels such as gold or barium which may be detected by X-ray or CAT scan, various 
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radioactive labels that may be detected using scintillography, and various magnetic and 
paramagnetic materials that may be detected using positron emission tomography (PET) 
and magnetic resonance imaging (MRI). The C6 antibody associates the label with the c- 
eibB-2 bearing cell which is then detected and localized using the appropriate detection 
5 metiiod. 

Jiil^DgtectionofisgriiB-2, 

The C6 antibodies of tfiis invention are also usdiil for the detection of c- 
eibB-2 in vUm e.g.» in biological sanq>les obtained firom an oiganism. Hie detectim 
10 and/or quantificaticm of c^B-2 in sudi a san^le is indicative tiie presence or absence 
or quantity of cells (^.g., tumor cdls) overexpressing c-erbB-2. 

The c-eibB-2 antigen may be quantified in a biological sample derived 
from a patient such as a cell, or a tissue sample derived from a patimL As used herein, a 
bicdogical sample is a sample of biological tissue or fluid that contains a c-erbB-2 antigen 
15 concentration that may be corrdated with and indicative of cells overesqnessing c-erbB-2. 
Preferred biological samples include blood, lurine, and tissue biopsies. 

In a particularly preferred embodimmt, erbB-2 is quantified in breast 
tissue cells derived from normal or malignant breast tissue samples. Although the 
sample is ^ically taken from a human patient, the assays can be used to detect erbB-2 
20 in cells from mammals in general, such as dogs, cats, sheq>, cattle and pigs, and most 
particularly primates such as humans, chimpanzees, gorillas, macaques, and babomis, 
and rodents such as mice, rats, and guinea pigs. 

Tissue or fluid samples are isolated from a patient according to standard 
methods wdl known to those of sldU in die art, most typically by biopsy or 
25 venipuncture. The sample is optionally pretxeated as necessary by dilution in an 

zppTopnsLtc buffer solution or concentrated, if desuned. Any of a numbo* of standard 
aqueous buffer solutions, employing one of a variety of buffers* such as phosphate, 
Tris, or the like, at physiological pH can be used. 
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Q Assay Formats (Detection or Ouiiiit{fifi.fi q n of t^iL.t\. 
i) Timnimnlogical Bhidliig A«civ« 

The c-erbB-2 pq)tide (analyte) or an aiiti-c-«ib-2 antOxxiy is preferably 
detected in an immunoassay utiliziQg a C6 antibody as a capture agent that q)ecificaUy 
binds to a c-abB-2 peptide. 

As used heidn, an immunoassay is an ass^ tbat utilizes an antibody (e.;. 
a C6 antibody) to qwdfically bind an analyte (e.^., c-eib-2). The immunoassay is 

chancteriMd by the use of spedlic bindii« to a C6 antibody as oi^wsed to ot^ 
or diemical properties to iaolatB, taiget, and quantiiy tiie c-crtiB-2 analyte. 

The o-eri>B-2 madBr may be detected and quantified nrfng any of a 
number of wdl recognized immunological binding assays. (See fbr example, U.S. 
Patents 4,366,241; 4,376,110; 4,517,288; and 4,837,168, which are hereby incorporated 
bywferenoe.) Fbr a review of the genersd iinmunoassays, see also Afe<ft(Nb in 
Biohgy Volume 37:' Antibodies in CeO Biology, Asai, ed. Academic Press, Inc. New 
York (1993); Basic and CUnical tmmmology 7th Edition, Stites & Terr, eds. (1991)). 

The immunoassays of the present invention are performed in any of 
several configurations, e.g., those reviewed in Maggio (ed.) (1980) Enzyme Immunoassay 
CRC Press, Boca Raton, Horida; lijan (1985) "Practice and Theory of Enzyme 
Immunoassays,- Laboratory Techniques in Biodiendstry and Molecular Biology, Elsevier 
Science Publishers B.V., Amsterdam; Harlow and Lane, supra-, Chan (ed.) (1987) 
Immunoassay: A Practical Guide Academic Press, Orlando, FL; Price and Newman 
(eds.) (1991) Principles and Practice qf Immunoassays Stockton Press, NY; and Ngo 
(ed.) (1988) Non isotopic Immunoassays Plenum Press, NY. 

Immunoassays often utilize a labeling agent to qiedficaUy bind to and 
label the binding complex formed by the capbm agent and the analyte (f.e., a C6 
antibody-crbB-2 complex). ITie labeling agent may itself be one of the moieties 
comprising the antibody/analyie complex, Hius, the labeling agent may be a labeled c- 
erbB-2pq)tide or a labdedC6 antibody. Alternatively, the labdiiig agent is optionally a 
third moiety, such as another antibody, that spedficaUy binds to the C6 antib^^^ 
erbB-2 peptkle, the anti-c^B-2 antibody/c^B-2 pq)tide complex, or to a modified 
capture group (e.g., biotin) which is covalently linked to c-erbB-2 or the C6 antibody. 

In one embodiment, the labeling agent is an antibody that specifically 
binds to the C6 antibody. Such agents are weU known to those of skiU in the art, and 
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most typically comprise labeled antibodies that specifically bind antibodies of the 
particular animal species from which the C6 antibody is derived (e.g,, an anti-species 
antibody). Thus, for example, where the cs^tuie agent is a human derived C6 antibody, 
the label agent may be a mouse anti-human IgG, Le., an antibody spGoSc to the constant 
region of the human antibody. 

Odier proteins csQiable of specifically binding immunoglobulin constant 
regions, such as streptococcal protdn A or protein O are also used as die labeling agent 
These proteins are normal constituents of the ceU walls of stccptococcal bacterid They - 
exhibit a strong non immunogmic reactivity with immunogl(d>ulin constant regions fiom 
a variety of species. See, gcneraUy Kronval, et al., (1973) /. bnmunol, 111:1401-1406, 
and Akerstrom, era/., (1985)/. bnmwiol, 135:2589-2542. 

lluoughout the assays, incubation and/or washing stq>s may be required 
after each combinaticm of reagmts. Incubation steps can vary from about 5 seconds to 
several hours, preferably from about 5 minutes to about 24 hours. However, the 
incubation time will depend upon the assay format, analyte, volume of solution, 
concentrations, and flie like. Usually, die assays are carried out at ambient temperature, 
although they can be conducted over a range of temperatures, such as 5^C to 45*'C. 

(a) Nop competitive assay fnninite 
Immunoassays for detecting c-erb-2 are typically eitiier competitive or 
noncompetitive. Noncompetitive immunoassays are assays in which the amount ctf 
csq>tured analyte (in tins case, c-erb-2) is directiy measured. In one preferred 
"sandwich' assay, for example, die capture agent (e.g., C6 antibody) is bound directiy 
or indirectiy to a solid substrate where it is immobilized. These immobilized C6 
antibodies capture c-eib-2 present in a test sample (e.g.» a biological san^le dmved 
fiom breast tumor tissue). The c-erb-2 tiius immobilized is tiien bound by a labeling 
agmt, such as a second c-erb-2 antibody bearing a label. Alternatively, the second 
antibody may lack a label, but it may, in turn, be bound by a labeled tiurd antibody 
specific to antibodies of die species from which die second antibody is derived. Free 
labeled antibody is washed away and die remaining bound labeled antibody is detected 
(e.g., using a gamma detector where die label is radioactive). One of skill will 
appreciate tfiat the analyte and capture agent is optionally reversed in the above assay, 
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e.g., when the presence, quantity or avidity of a C6 antibody in a sample is to be 
measured by its binding to an inunobilized c-eib-2 peptide. 

fli> CnmngtHivi> fffmfrii 

In conq)etitive assays, the amount of analyte (e.g., o-eibB-2) present in the 

samide is measured indirectly by measuring the amount of an added (exogenous) analyte 

diqdaced (or competed away) from a capbm agent (e.g.t C6 antibody) 1^ die analyte 

present in the sanaple. In one conipetitive assay, a known amount of o-etb-2 is added to 

a test sanq>le witii an unquantified amount of e<«rt)B-2, and the sanqde is «^tirtfil with 

a cqtture agent, e.g., a C6 antibody that specifically binds c^2. The amount of 

added c-erixB-2 whidi binds to the C6 antibody is invecsdy piDpoitioaal to flie 
concentration of o-eri^2 present in the test sanqde. 

The C6 antibo^ can be immolrilized on a solid substxate. Hie amount of 
eibB-2 bound to die C% antibody is d^eradned either by measuring amount of erbB-2 
present in an eibB-2-C6 antibody complex, or altemativdy by measuring die amount of 
innaining uncomplexed eibB-2. Similaiiy, in oeitain onbodiments where die amount of 
eri»B-2 in a samide is known, and die amount or avidity of a C6 antibody in a sample is 
to be detennined, ert)B-2 becomes die c^ture agent (e.^., is fixed to a sdid substrate) 
and the C-6 antibody becomes the analyte. 

(c) Reduction nf Nnn Sm^tflr mnHinp 

One of skill will appreciate diat it is often desirable to reduce non j^iecific 
binding in immunoassays and during analyte purification. Where die assay involves c- 
eibB-2, C6 antibody, or odier capture agent immobilized on a solid sidistiate, it is 
desirable to minimize die amount of mm specific binding to die substiate. Means of 
reducing sudi non specific binding are wdl known to diose of skill in die art l^irically, 
dus involves coating die substrate widi a proteinaoeous composition. In particular, 
protdn compositions such as bovine seium albumin (BSA), non&t powdered milk, and 
gdatin are widely used. 
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fd) Substrat«!S. 

As mentioned above, depending upon the assay, various components, 
including the erbB-2, C6 or antibodies to erbB-2 or C6, are qptionaUy bound to a solid 
surface. Many methods for immobilizing biomolecules to a variety of solid sur&ces are 
known in the art. For instance, the solid surface may be a membiane (e.^., 
nitroceUulose), a microtiter dish (c.^., PVC, polyinopylene, or pdystyrene), a test tube 
(glass or plastic), a dipstick {e.g. glass, PVC, polyprapylene, pdystyiene. latex, and the 
like), a microcentiifiige tube, or a glass, silica, plastic, metamc or polymer^ Tba 
desired component may be covalently bound, m noncovalendy attached through 
n(»q>ecif!c bcmding. 

A wide variety of organic and inoiganic polymers, both natural and 
qnithetic may be enqdqyed as the material for the solid surface. Qhistiative polymers 
include polyetfaykne, polypropylene, poly(4-methylbutene), polystyrene, 
polymethacrylate, poly(ethylene terqihdialate), rayon, nylon, poly(vinyl butyrate), 
polyvinylidene diflnoride (PVDF), silicones, polyformaldehyde, ceUulose, ceUulose 
acetate, nitroceUulose, and the like. Other materials which may be employed, include 
paper, glassess, ceramics, metals, metalloids, semiconductive materials, cements or the 
like. In addition, substances that form gels, such as proteins {e.g., gelatins), 
lipqpolysaccharides, silicates, agarose and polyacrylamides can be used. Polymers which 
form several aqueous phases, such as dextrans, polyalkylene glycols or surfactants, such 
as phospholq)ids, long chain (12-24 carbon atoms) alkyl ammonium salts and die like are 
also suitable. Where the soUd surface is porous, various pore sizes may be enqdoyed 
dqiending upon the nature of the system. 

Li preparing the surface, a plurality of dififerem "ytni ah may be 
employed, e.g., as laminates, to obtain various ptopetties. Ftar example, protein 
coatings, such as gelatin can be used to avoid non sped&c binding, simplify covalent 
conjugation, enhance agnal detection or die like. 

If covalent bonding between a compound and the surface is desired, die 
surface wiU usually be polyfimctional or be capable of being polyfunctionalized. 
Functional groups which may be present on die surface and used for linking can include 
carboxylic adds, aldehydes, amino groups, cyano groups, ediylenic groups, hydroxyl 
groups, merc^ groups and die like, lliemanneroflinkinga wide variety of 
compounds to various surfaces is weU known and is amply iUustrated in die Uterature. 
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See, for example, Immobilized Enzymes, Idiiio Chibata, Halsted Pxess, New York, 1978, 
and Cuatiecasas, J. Biol Oiem. 245 3059 (1970). 

In addition to covalent bonding, various methods for noncovalently binding 
an assay componmt can be used. Noncovalent binding is typically nonspecific 
S absorption of a compound to the surface. Typically, the sur&ce is blocked with a second 
compound to prevent nonspedfic binding of labeled assay compcments. Altornativdy, 
the surfitce is designed such Oat it nonqiedfically binds one compcment but does not 
significantly bind anottier. For example, a sui&ce bearing a lectin such as Qmcanavalin 
A will bind a caibohydrate containing compound but not a labeled ptolein that lacks 
10 glyoosylation. Various sdid sur£aces for use in noncovalent attachment of assay 
components are reviewed in U.S. Patent Nos. 4,447,576 and 4,254,082. 

fl) QtfifT AswY Fonwrts 

C-erbB-2 polypeptides or C6 antibodies and can also be detected and 
15 quantified by any of a number of other means well known to those of skill in the art. 
These indude analytic biochemical methods sudi as spectrophotometiy, radiography, 
electrophoresis, capillary dectrpphoresis, high performance liquid chromatography 
(HPLC), thin layer chromatogiaphy (TLQ, hyperdiffiision chiomatognq)hy, and the like, 
and various immunological methods such as fluid or gd predpitin reactions, 
20 immunodiffusion (single or double), immunodectroirfioresis, radioimmunoassays (RIAs), 
enzyme-linked immunosorbent assays (EUSAs), immunofluoresoent assays, and the like. 

Western blot analysis and related methods can also be used to detect and 
quantify the pres»oe of etbB-2 peptides and C6 antibodies in a sample. The technique 

25 generally comprises separating sample products by gd electrophoresis on the basis of 

molecular wdght, transferring die sqiarated products to a suitable solid si^port, (sudi as 
a nitrocdlulose filter, a nylon filter, or derivatized nylon filter), and incubating the 
sample with the antibodies that spedfically bind dtiier the erbB-2 peptide or tiie anti- 
erbB-2 antibody. The antibodies spedfically bind to tiie biological agent of interest on 

30 tfie solid support. Itese antibodies are directiy labded or altonativdy are subsequently 
detected using labeled antibodies (e.;., labeled sheq> anti-human antibodies where tfie 
antibody to a marker gme is a human antibody) which specifically bind to tiie antibody 
which binds dther anti-erbB-2 or erbB-2 as appropriate. 
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Other assay formats include liposome immunoassays (LIAs), which use 
liposomes designed to bind specific molecules (e.^. , antibodies) and release encapsulated 
reagents or markers. The released chemicals are then detected according to standard 
techniques (see» Monroe et aL, (,m6)Amer. din. Pmd. Rev. 5:34-41). 

iii) Labelhn* of C6 imtibodi«. 

Hw labeling a^t can be, e.g., a monodonal antibody, a pc^donal 
antibody, a protein or conq)lex such as tiiose described herein, or a polymer such as an 
afBnity matrix, carbohydrate <» lipid. Detection proceeds by any known method, 
inc l u di n g immunoblotting, western analysis, gel-mobility shift assays, tracking of 
radioactive or bioluminescent markers, nuclear magnetic resonance, electron 
paramagnetic resonance, stopped-flow spectroscopy, column duomatography, capillary 
electrophoresis, or other n^thods which track a molecule based upon an alteration in size 
and/or charge. The particular label or detectable group used in the assay is not a critical 
aspect of the invention. Tlie detectable group can be any material having a detectable 
physical or chemical property. Such detectable labels have been well-developed in the 
field of immunoassays and, in general, any label useful in such methods can be applied 
to the present inventira. Thus, a labd is any conqmsidon d^ectable by spectiosoainc, 
photochemical, biochemical, immunochemical, electiical, optical or chemical means. 
Useful labds in the present invention include magnetic beads (e.g. Dynabeads^, 
fluorescent dyes (e.^., fiuorescdn isothiocyanate, Texas zed, xfaodamine, and the like), 
radiolabels (e.g., »H, «S, »«C, or »P), enzymes (e.g., LacZ, CAT, horse radish 
peroxidase, alkaline phosphatase and odiers, oommonly used as detectable enzymes, 
eitho^ as madGer gene products or in an EUS A), and ooloiimetiic labds such as cdloidal 
gokl or OQloied glass or plastic (e.g. polystyrene, polypropylene, latex, etc.) beads. 

The label may be coupled direcdy or indiiecdy to die desired component 
of the assay accQidiiig to methods well known in die art. As indicated above, a wide 
variety of labels may be used, widi the choice of label depending on the sensitivity 
required, ease of conjugation ctf tbt compound, stabili^ requirements, available 
instrumentation, and diqiosal provi^ons. 

Non radioactive labels are often attached by indirect means. Goieially, a 
ligand molecule (e.g., biotin) is covalentty bound to the molecule. The ligand then binds 
to an anti-ligand (e.g., strq)tavidin) molecule whidi is either inhoentiy detectable or 
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covalently bound to a signal system, such as a detectable enzyme, a fluorescent 
compound, or a chemiluminescent compound. A number of ligands and anti-ligands can 
be used. Where a ligand has a natural anti-ligand, for example, biotin, thyroxine, and 
Cortisol, it can be used in coiyunction with the labeled, naturally occurring anti-ligands. 
Alternatively, any bapteaic or antigenic compound can be used in combinatian with an 
antibody. 

The nudecules can also be coiyugated direcfly to signal generating 
con90unds,e.g., by conjugation with an enzyme or fluoroidune. Enzymes of intoest as 
labels will piimaiily be hydrolases, paiticulazly frimsphatases, estnaaes and glycoddases, 
or oaddored i i c tases, paiticulaily peroxidases. Fluorescent conqxrands indude fluoiescdn 
and its derivative^ xfaodamine and its derivatives, dani^l, umbelliftione, etc. 
C hem i U i min esce n t compounds indude hidfierin, and 2,3-dihydrophthalazinedioiies, e.g. , 
InininoL For a leview of various labdliog or signal producing systems which may be 
used, see, U.S. Patent No. 4,391,904, which is inooiporated herein by reference. 

Means of detecting labels aie well known to those of skill in the art. 
Hius, for example, wfaece the label is a radioactive label, means for detection indude a 
s dnfi lla t ion counter or photographic film as in auttnadiogn^y. Where the labd is a 
fluorescent labd, it may be detected by exciting the fluorochrome with the appropriate 
wavdength of light and detecting tiie resulting fluorescence, e.g., by microscopy, visual 
inspection, via photographic film, by the use of dectnmic detectors sudi as chaige 
coupled devices (CCDs) or photomultipUers and the like. Similarly, enzymatic labds 
may be detected by providing appropriate substrates for the enzyme and detecting the 
resulting reaction product. Finally, simple colorimetric labds may be detected simply by 
obsoving the color associated with the labd. Thus, in various dipstick ass^, 
conjugated gold often ay^pears pink, while various conjugated beads appear the color of 
the bead. 

Someassay formats do not require the use of labeled components. Fbr 
instance, agglutination assays can be used to delect the presence of C6 antibodies and C6 
antibody-ethB-2 pqttides. this case, antigen-coated partides are agglutinated by 
samples comprising the target antibodies. In this format, none of the components need 
be labded and the presence of the target antibody is detected by simple visual inspection. 
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V, Pharmacenticfll Co mpositions . 

The chimeric molecules of this invention are useful for paraiteral, topical^ 
oral, or local administration, such as by aerosol or transdermally, for prophylactic and/or 
thers^tic treatmmt. The pharmaceutical compositions can be administered in a variety 
of unit dosage forms depending upon tiie metfiod of administration. For example, unit 
dosage forms suitable for oral administration include powder, tablets, pills, csq)sules and 
lozenges. It is xecpgnized that the fusion proteins and jdiarmaceutical conqwsitions of 
this invention, when administered orally, must be protected from digestion. This is 
^ically accomplished dther by complexing the protdn with a composition to render it 
lesisiant to acidic and eiuymatic hydrolysis or by p^iq^png the protdn in an 
q^ropriatdy resistant carrier such as a liposome. Means of protecting proteins from 
digestion are well known in the art 

The pharmaceutical conipositions of this invention are particularly us^iil 
for parenteral administration, such as intravenous administration or administration into a 
body cavity or lumm of an organ. The compositions for administration will commonly 
oonqxrise a solution of the chimeric molecule dissolved in a pharmaceutically acceptable 
carrier, preferably an aqueous carrier. A variety of aqueous carriers can be used, e.g., 
buffoed saline and the like. These solutions arc sterile and goiaally free of undesirable 
matter. These compositions may be sterilized by conventional, well known sterilization 
techniques. The compositions may contain pharmaceutically accqptable auxiliary 
substances as required to approximate physiological conditions such as pH adjusting and 
buffering agents, toxicity adjusting agents and tiie like, for example, sodium acetate, 
sodium (diloride, potassium chloride, calcium chloride, sodium lactate and the nvy^ The 
concentration of chimeric molecule in these formulations can vary widely, and will be 
selected primarily based on fluid volumes, viscosities, body weight and the like in 
accordance with the particular mode of administration selected and the patient's needs. 

Thus, a typical pharmaceutical compoation for intravenous administration 
would be about 0.1 to 10 mg per patiat per day. Dosages from 0.1 up to about 100 mg 
per patient per day may be used, particularly when the drug is administered to a secluded 
site and not into the blood stream, such as into a body cavity or into a lumen of an 
organ. Methods for preparing parmteraUy administrable compositions wiU be k^^ 
zppatmt to those skilled in the art and are described in more detail in such publications 
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as Bemtngton's Phamacemical Science, 15th ed., Mack Publishing Company, Easton, 
Pennsylvania (1980). 

The conq)ositions containing the present fusion protdns or a cocktail 

diereof (i.e. , with other protons) can be administered for thers^tic treatments. In 

therq)eutic applications, compositions are administered to a patient suffering from a 

disease, typicaUy a c-erbB-2 positive carcinoma, in an amount sufBdent to cure or at 

least partially arrest the disease and its oonqdicaticms. An amount adequate to 

accomplish this is defined as a "thecapeuticaUy e£fective dose." Amounts effective for 

this use wiU dqiend upon the severity of the disease and the general state of the paiiem^ 
healtfu 

Single or multqiIeadministKations of the compositions may be administered 

dq)ending on the dosage and fitequen(7 as required and tdecated by the patient. In any 

event, the conqmsition diould i»»vide a sufBdent quantity of the proteins of this 
invention to effectivdy treat flie patient 

Among various uses of the cytotoxic fiisirai proteins of the present 
invention are induded a variety of disease conditions caused by specific human cdls that 
m^ be diminated by the toxic action of the proldn. One appUcation is the treatment of 
cancer, sudi as by die use of a C6 antibody attached to a cytotoxin. 

Anothor s^roadi involves using a ligand that binds a cell sur&ce marker 
(recqitor) so the chimeric associates cdls bearing the ligand substrate are associated with 
the c-ert>B-2 overexpressing tumor cdl. The ligand portion of the molecule is chosen 
according to the intended use. Protdns on the membranes of T cdls that may serve as 
targets for the Ugand indudes Fcirl, FcyH and Fcyin, Cm (Til), CD3, ca>4 and CDS. 
Protdns found predominantty on B cdls that might serve as targets include CDIO 
(CALLA antigen), CD19 and CD20. CD45 is a possible target that occurs broadly on 
lymphoid cdls. These and other possible target lymphocyte target molecules for the 
chimeric molecules bearing a ligand effector are described in Leukocyte Typing UI, A J. 
McMichad, ed., Oxford University Press (1987). Those skilled in the art wiU realize 

ligand effectors may be chosen that bind to receptora expressed on stiU other types of 
cdls as described above, for example, membrane glycoproteins or ligand or hormone 
recqitors such as qadetmal growth Cutor receptor and ttie like. 
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VI. Kits For ntflpincic Trffltrrfnt 

Li another embodiment, this invention provides for kits for the treatment 
of tumors or for the detection of cells overexpressing c-erbB-2. Kits wiU typically 
comprise a chimeric molecule of the present invention (e.g. C6 antibody-label, C6 
antibody-cytotoxin, C6 antibody-ligand, etc.). In addition the kits will typically include 
instructional materials disclosing means of use of chimeric mcdecule (ie.g. as a cytotoxin, 

fordetectionof tumor ceUs, to augment an immune response, eic.). The kits may also 
inchide additional components to ftdlitate the particular qqdication 
designed. Tlius, to example, where a kit contains a chimeric molecule in which the 
efifector molecule is a detectable label, the kit may additionally contain means of 

delecting the labd (e.g. enzyme substrates for enzymatic labels, filter sets to dete^ 
fluorescent labels, appropriate secondaiy labels such as a sheep anti-human antibodies, or 

thelike). TlKldts may additionally include buffets and other reagents routinely used for 
the pnutice of a particular method. Such kits and appropriate contents are weU known to 
those of skill in die art 

EXAMPLES 

The fdlowing examples are provided by way of illustration only and not 
by way of limitation. Those of skiU will readily recognize a variety of noncritical 
parameters which could be changed or modified to yieM essentiaUy similar results. 

Materiflh and MethnAw 

Prgtaration afc-erbB-I ECD 

The antigen c^B-5 ECD witii a Ser-Gly-His, C-lerminal fusion was 
expressed from Chinese Hamster Ovary cdls and purified by immobilized metal afiinity 
chromatography (OAAQ. 

Phage preparation 

Phage were prqnred from a phagemid library (3 x l(P members) 
expressing sFv as pffi fiisions on the phage sur&ce (Marks et al. (1991) J. MoL Biol. 
222:581-597). Tlie library was created from a repertoire of sFv genes consisting of 
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human heavy and light chain variable r^on (Vh and VJ genes isolated from the 
peiq)heial blcxxl lynq)hocytes of unimmunized hunum volunteers. To rescue phagonid 
particles from the library, 50 ml of 2 x TY media containing 100 ng/ml ampidllin and 
1% glucose weve inoculated with 10* bacteria taken from the frozen library glycerol 
5 stock. The culture was grown at 37*C witii shaking to an Am nm of 0.8, 7.0 x 10" 
coloiqr fanning units of VCS-MI3 (Stra^gme) added, and incubation continued at 37*C 
for 1 h without shaking followed by 1 h widi shaking. Ilie cdls were pelleted by 
centrifiigation at 4500g for 10 min, lesuspended in 200 ml of 2 x TY media containing 
100 Kg/ml anqndllin and 2.5 /tg/ml kanamydn and grown overnight at 37*C. Huge 
10 partides were purified and oonoentrated by 2 pcdyeUiylene glycol predintatioas and 
lesuspended in FBS (25 mM Na%P04, 125 mM Nad, pH 7.0) to appfoximalely 10" 
transdudng units/ml anqncillin resistant clones. 

Sdeaum qf binding phage antibodies 

15 Phage expresang sFv whidi bound c-etbB-2 were selected by panning the 

phage library tm immobilized c-eibB-2 ECD (Maries et al. (1991) si^.). Briefly, 
immunotubes (Nunc, Maxisorb) were coated with 2 ml (100 fig/ml) c-erbB-2 ECD in 
PBS overnight at 20"C and blocked with 2% milk powder in PBS for 2 h at 37'C. 1 ml 
of the phage solution (approximately 10" phage) was added to the tubes and incubated at 

20 20°C with tumbling on an over and under turntable for 2 h. Nonbinding phage wen 

diminated by sequential wa^g (15 times with PBS containing 0.05% Tween followed 
by 15 times with PBS). Binding phage w«e dim eluted from the immunotubes by 
adding 1 ml of 100 mM trietiiylamine, incubating for 10 min at 20''C, transfening the 
solution to a new tube, and neutralizing witii 0.5 ml IM Ttis HQ, PH 7.4. Half of tiie 

25 eluted phage solution was used to infect 10 ml of Kcott TGI (Gibson, T.J. (1984) 

Studies on tiie ^stdn-Batr virus goiome, Cambridge University Ph.D. thesis; Carter et 
al. (1985) Nucieic Adds Res., 13: 4431^3) grown to an A«» mn of 0.8-0.9. After 
incubation fiir 30 min at 37<*C, bacteria were plated on TYE plates containing 100 /tg/ml 
anqndllin and 1% glucose and grown overnight at 37''C. Phage were rescued and 

30 omcentrated as described above and used for tile next sdection round. The selection 
process was repeated for a total of 5 rounds. 
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Screening for binders 

After each round of sdection, 10 ml of E.cott HB21S1 (Carter et td. 
(1985) Nucleic Adds Res., 13: 4431-43) (A«o run - 0.8) were infected with 100 M of 
the phage duate in order to prepare soluble sFv. In ttds strain, the amber codon 
betweoi the sFv gene and gene m is read as a stop codon and native soluble sFv 
secreted into the periplasm and media (Hoogenboom et al. (1991) Micfeic Adds Res. 19: 
4133-4137). Single ampidllin resistant colonies were used to inoculate microtitre plate 
wdls cootainiitg 150 of 2 x TY containing 100 fig/ml ampiriiiiii and 0.1% glucose. 
The bacteria were grown to an A«o nm - 1.0, and sFv eaqnession induced by the 
addition of IPFO to a final concentration of 1 mMCDeBdlis era/., {VSWS) Nucleic Adds 
Ses.f 18:1311). Bacteria were grown overnight at 30*C, tfie cells removed by 
oentrifugation, and tiie supernatant containing sPv used directly. 

To screen for Inndiqg, 96-well miootiter plates (Falcon 3912) were coated 
overnight at 4«C with 10 /tg/ml c-eibB-2 BCD in PBS, blocked for 2 h at 37»C with 2% 
milk powder in FBS, and incubated for 1.5 hours at 20»C with 50 /d of the KcoU 
supernatant containing sFv. Binding of soluble sFv to antigen was detected with a mouse 
monoclonal antibody (9E10) which recognizes the C-terminal myc pq>tide tag (Munro, S. 
et al., (1986) CeU, 46:291-300) and peroxidase conjugated anti-mouse Fc antibody 
(Sigma) using ABTS as substrate (Ward et id. (1989) Nature, 341: 544-546). The 
reaction was stopped after 30 min with NaF (3.2 mg/ml) and the A40j nm measured. 
Unique clones were identified by PCR fingerprinting (Marks, J. D. et al., (1991) J. Med. 
Biol., 222:581-597) and DNA sequencing. The spedfidty of each unique sFv was 
determined by EUSA performed as desoibed above with wdls coated with 10 ftg/ml of 
bovine serum albumin, hen egg white lysozyme, bovine glutamyltianspq)tidase, c-erbB-2 
ECD, VCS M13 (3.5 x 10»/ml) and casern (0J%). For ELBA with biotinylated 
c-erbB-2 BCD, miciotiter plates (Immuncdon 4, I^natedi) were coated with 50 /d 
immunopure avidin (Pierce; 10 Mg/ml in PBS) overnight at 4'C, blocked with 1% bovine 

serum albumin in PBS for 1 h at 37»C and incubated with 50 Ml biotinylated C-erbB-2 
extracellular domain (5 Mg/ml) for 30 min at 20'C. To preiare biotinylated antigen, 0.2 
ml c-eibB-2 BCD (1 mg/ml in PBS) was incubated with 0.5 mM NHS-LC-biotin (Pierce) 
overnight at A'C and then purified on a presto desalting cohmm (Pierce). 
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SubcJoning, ag>ression and pwificatioji. 

To focilitate purification, the C6.S sFv gene was subdoned into the 
aq)iession vector pUC119Sfi/NotSsmyc (Giiffiths, a al. (1994) EMBO 13: 
3245*3260) which results in the addition of a hexa-histidine tag at the C-tenninal end of 
the sFv. Briefly, pHEN-1 vector DNA containing the C6.5 sFv DNA was piqnied by 
alkaline lysis milliprep, digested with Ncol and NoU, and the sFv DNA purified on a 
1.5% agarose gd. C6j5 sFv DNA was ligated into pUC119SfiI/NoflHismyc digested 
with Ncol and NofI and die l^ation mixture used to transfonn dectrocompetent E. coU 
HB21S1. For erpreasion, 200 ml of 2 « TV media eninainltig IQQ f^^ml ampidllin and 
0.1% glucose was inocolatBd with E. coU HB2151 harboriog Ae C6.5 gene in 
pUC119Sfil/NotIHismyc. The culture was grown at ZTC to an A^o nm of 0.8, soluble 
sFV eacpressitm induced by the addition of IPTG to a final concentration of 1 mM, and 
the culture grown at SO'C in a shakff flask overnight. Single-diain Fv was harvested 
inmi die pecqdasm using die Mowing protocol. Cells were harvested by centrifugadcm 
at 4000g for 15 min, resuqiended inlOmloficecoldSOniM Tris-HQ pH 8.0, 1 mM 
EDTA, 20% sucrose, and incuba t ed on ice for 20 ndn. The bacteria were pdleted by 
centrifugaticm at 600Qg for 15 min. and the "periplasmic fraction" deaied by 
centrifiigation at 30,000g for 20 min. The supernatant was dialyzed ovonight at 4"C 
against 8 L of IMAC loading buffer (30 mM sodium phosphate pH 7.5, 500 mM NaQ, 
20 mM imidazole) and then filtered through a 0.2 micron filter. 

The sFv was purified by IMAC. All stqis were performed at 4»C on a 
Perceptive Biosystems BIOCAD Sprint A column containing 2 ml of Ni-NTA lesin 
(Qiagen) was washed with 20 ml IMAC column wash buffer (50 mM sodium phosphate 
pH 7.5, 500 mM NaQ, 2.50 mM imidazole) and 20 ml of IMAC loading bufifa. The 
periplasmic prqiaxation was loaded onto the column by pump and die column washed 
sequentially with 50 ml IMAC loading buffer and 50 ml IMAC washing buffer (50 mM 
sodium phosphate pH 7.5, 500 mM NaQ, 23 mM imidazole). Protein was eluted wiUi 
2.5 ml IMAC dution buffer (50 mM sodium phosphate pH 7.5, 300 mM NaQ, 100 mM 
imidazole) and 4 ml fractions collected. Protdn was detected by absoibance at 280 nm 
and sPv ^^pically duted between fiactions 6 and 8. To remove dimeric and aggregated 
sFv, samples were concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and 
iiactioaated on a Superdex 75 column using a running buffier of BBS (10 mM Hepes, 
150 mM NaQ, pH 7.4). The purity of the final prq»ration was evaluated by assaying an 
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aliquot by SDS-PGE. Protein bands were detected by Coomassie staining. Hie 
concoitiation was determined spectrophotometiically, assuming an A280 nm of 1.0 
cone^wnds to an sFv conoentiation of 0.7 mg/ml. 

Affinity and kinetic measurements 

The Kt of C6.5 and 74IF8 sFv were dMennined using sui&ce plasmoo 
resonance in a BIAcore (Pharmacia) and by Scatduud analysis. In a BlAcore flow cdl, 
1400 resonance units (RU) of c-eibB-2 ECD (25 Mg/ml in 10 mM sodium acetate, pH 
4.5) was coupled to a CMS sensor chq> (Tohnsscm, B. et al., (1991) Anal. Biochem., 
198:268-277). Association and dissociation of C6.S and 741F8 sPv (100 nM - 600 nM) 
were measured unda continuous flow of 5 itUtnaa. Rate constant was determined 
finom a plot of (In (dR/dt))/t vs concentration (Karlsson et oL (1991) /. Immunol. MeOu, 
145:229-240). Rate constant 1^ was determined fi»m the dissociation part of the 
sensoigiam at the highest concentration of sFV analyzed (Johnssm et al. (1991) Anal. 
Biodiem., 198: 268-277). The of C6,5 was also determined by Scatchard analysis 
(Scatcbard (1949) Annal. N.7. Acad. Sd.. 51: 660). All assays were performed in 
tiiidicaie. Briefly, 50 iig of radioiodinated sFv was added to 5 x IC SK-OV-3 cells in 
the presence of increasing concentrations of unlabeled sFv from the same preparation. 
After a 30 minute incubation at 20'C, the samples were washed with PBS at 40''C and 
centrifiiged at 500g. The amount of labeled sFv bound to die cells was d^ermined by 
counting the pellets in a gamma counter and the K. and were ming the 

EBDA program (V 2.0, G.A. McPherson, 1983). 

Radiolabelmg 

The C6.5 dFv was labded with radicnodine using the CT mettiod 
(DeNardo et al. (1986) Nud. Med. BioL, 13: 303-310). Briefly, 1.0 mg of protein was 
combined with »^ (14-17 mCi/mg) (Amersham, Arlington Hdghts, IL), or »»I (9.25 
mO/n^ (DuPont NEN, Wilmington, DE) at an iodine to protein ratio of 1:10. 10 ng 
oi CT (Sigma, St. Louis, MO) was added per 100 /tg of protein and the resulting 
mixture was incubated £ar three minutes at room temperature. The reaction was 
quenched by the additicm of 10 /ig of sodium metabisulfite (Sigma) per 100 ^g of 
protdn. Unincorporated ladioiodine was separated from the labeled protein by gel 
filtration usmg the G-50-80 centrifuged-column method (Adams er al. (1993) Cancer 
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Jto. 53: 40264Q34). The final specific activity of the CT labelling was 1.4 mCiymg for 
the "*I-C6.5 sFv and typically about 1.0 mCi/mg for the "*I-C6.5 sFv. 

Quality Control 

Hie quality of the radiophannaceuticals was evaluated by HPLC, 
SDS-PAGE, and a live cell binding assay as previously described (Adams et al. (1993) 
Cancer Kes. 53: 4026-4034). The HPLC elution profiles fam a S^herogd TSK-3000 
molecular sieving odumn consistently dononsttated fliat greater than 99% of the 
ladioactivity was associated with the protein peak. (3reaterthan98% of thenonieduced 
"*I-C6.5 sFv prqandons migrated on SDS-PAGE as approximately 26 protdns while 
die lemainiqg activity ndgrated as a dimer. Theimmunoreactivityof die 
radiopharmaceuticals was determined in a live cdl binding assay iitfUTif^g c^B-2 
overejqnessing SK-OV-3 cells (#HTB 77; American Type Culture Collection, Rodcville, 
MD) and o«bB-2 n^ve CEM cells (#119; American Type Culture CoUeetion) 
(Adams, G.P. et al., (1993) Cancer Res. 53:4026-4034). Live cdl binding assays 
revealed 49% of the activity associated with die positive cdl pelleted less tiian 3% bound 

to die negative control cdls; fliese results were lower tiian tfiose typicaUy seen witii 
741F8 sFv (60-80% bound) (Adams et aL, (1993) supra.). 

Cett Surface DissoOation Studies 

Cdl surfece retention of biotinylated forms of die sFv molecules were 
measured by incubating 2 /ig of dtiier sFv witii 2 x 10» SK-BR-3 cdls (#HTB 30; 
American Type Culture Collection) in tripUcate in 20 ml of FACS buffer, witii 0.01% 
azide for 15 min at 4*C. The cdls were washed twice widi FACS buffer (4»Q and 
resuspended in 2 ml of FACS buffer. 0.5 ml of tiie cdl suspension were removed and 
placed in three separate tubes for incubations under differing conditions; 0 min at 4*C, 
15 min at 37«C, and 30 min at 37»C. After die incubations, die cdls were centrifiiged 
at 300g, tfie supenatantt were removed, die cdl pdlets were washed 2x (4*Q and die 
degree of retention of sFv on die cdl sur&ce at 37«C (for 15 or 30 min) was compared 
to retention at 0 min at 4*C. 
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Biodistribution and Radioimmunoimagmg Studies 

Four to six week old CBU/la-sad mice were obtained from the Fox 
Chase Cancer Center Laboratory Animal FadUty. 2.5 x IC SK-OV-3 cells in log phase 
were implanted s.c. on the abdomens of ttie mice. After about 7 weeks the tumors had 
adiieved sizes of 100-200 mg and Lugol's solution was placed in the drinking water to 
block thyroid accumulation of radioiodine. Three days later, biodistribution studies were 
initiated. '^-€6.5 sFv was diluted in PBS to a concentiatkMi of 0.2 mg/ml and each 
mouse was given 100 ftL, containing=20 /ig of xadiopharmacaitical, by tail vein 
injection. Total injected <k)ses were determined by oounting each aninial on a Series 30 
mul t ic h a nne l analyzer^[nobe syfiem (probe modd #2007, Canabena, Metiifian, CI). 
Blood samples and whole body counts of the mice were obtained at titular intervals. 
Groups of 8 mice were sacrificed at 24 h affa injectim and the tumors and oigans 
removed, weighed and counted in a gamma counter to detennine the %ID/g (Adams et 
al. (1993) supra.; Adams et aL (1992) Antibody bnmunocm^. and Radiophann,, 5: 
81^. Tlie mean and standard enor of tiie mean (SEM) for eadi group of data were 
ca lc u l a t ed, and TtO ratios determined. Significance levels were determined using 
Students t-test 

For the radioimmunoimaging studies, tumor-bearing sdd mice were 
injected with 100 itg (100 /d) of >"I-C6.5. At 24 hours after injection, the mice were 
euthanized by a^hyxiation with CO, and images were acquired on a Prism 2000XP 
gamma camera (Picker, Highland Heights, OH 44142). Preset acquisitions of 100k 
counts were used. 
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Results 

After four rounds of selection, 9/190 clones analyzed by ELISA expressed 
sFv which bound c-eibB-2 ECD (ELISA signals greater than 0.4, 6 times higher than 
background). Afier five rounds of sdection, 33/190 clones e^^nessed c-erbB-2 binding 
sFv. PGR fing^rinting of the 42 positive clones identified two unique restriction 
patterns and DNA sequencing of 6 clones fiom each patton revealed two unique human 
sFv sequences, C4.1 and C6.S (Table 6). The Vh gme of C6.S is from the human VhS 
gene £Bunily, and the gene from the human Vx £uniiy (Table 6). The gene appears 
to be derived from two different gennline genes (HUMLV122 and DPL 5) suggesting the 
oocunence of PGR crossover (Table 6). The Vh gene of C4.1 is from the human Vh3 
fiunily, and the gene fiom tfie human Vx3 fiunily (TUble 6). C4.1 and C6.S both 
bound c-erbB-2 q)ecifically, as detennined by EUSA against die relevant antigen and a 
panel of irrelevant antigens. However, when biotinylated c-erbB-2 ECD was bound to 
avidin coated plates and used in EUSA assays, the signal obtained with C6.S was 6 
times higher tfian observed when c-ert>B-2 ECD was absorbed to polystyrene (l.S vs 
0.2S). In contrast, C4.1 was not cqiable of bindmg to biotinylated c-eibB-2 ECD 
captured on avidin microtitre plates. Additionally, biotinylated and iodinated C6.S, but 
not C4.1, bound SK-BR-3 ceUs overexpresang c-obB-2. These results indicate that 
C6.S binds the native c-eri>B-2 eiqiressed on cdls, but C4 binds a denatured epitope that 
appears when Ae antigen is adsorbed to polystyrene. 

C6.S was purified in yields of 10 mg/L of £. cott grown in shake flasks 
and gel filtration analysis indicated a single peak of approximately 27 Kd- The of 
purified C6.3 was determined using both sur&ce plasmon resonance in a BIAcore and by 
Scatchard. The determined by BIAcore (1.6 x 10^ M) agreed closely to the value 
determined by Scatchard (2.0 x 10^ M) CTable 7). Kinetic analysis by BIAcore indicated 
that C6.5 had a rq>id on-rate (k« 4.0 x lO^ ^s"*) and a rapid off-rate (k^ 6.3 x lO^s**) 
(Table 2). Cell retration assay confirmed that C6.S dissociated rapidly fiom the cell 
surface (Table 2). 

After injection of *"I-C6.5 into scid mice bearing SK-OV-3 tumors, 1.47% 
ID/gm of tumor was retained afier 24 hours (Table 7). Tumonnormal organ values 
ranged from 8.9 (tumonkidney) to 283 (tumonmusde). These values were higher tfuui 
values observed for 741F8 sFv, produced from a murine monoclonal antibody (K^ » 2.6 
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X 10^ M. The high T:0 ratios resulted in the liighly specific visualization of the tumor 
by gamma scintigraphy using "'I-labdled C6.S. 



Table?. Characterization of aiiti<ei1)B-2 sFv species. Characteristics of the murine 
anti-c-eibB-2 sFv, 741F8, and the human sFv C6.5 are compared. The affinity and 
dis so ci at io n constants were determined by Scatdiaid plot analysis, unless olhawise 
stated. Dissociation from c-erbB-2 positive (SK-OV-3) cells was measured in an in vitro 
live cell assay. The percentage of injected dose per gram (%ID/g) tumor M and tumor 
to organ ratios were detomined in biodistribution studies pafnmed in separate groups 
of sdd mice (n= 10-14) bearing SK-OV-3 tumors overcqnessing c-erbB-2. SEM are < 
35% of the associated values a «= agnificantly unproved (p<O.OS) conmared to 741F8 
sFv. 



Parameter 


741F8 


C6.5 


(BIAcore) 


2.6x10^ 


1.6xlO«M 


Kd (Scalchard) 


5.4x10^ 


2.1xl&*M 


k;. (BIAoore) 


2.4xl0*M-»s-' 


4.0xlO*M-»s-» 


KttiJBlAcoie) 


6.4x10%' 


6.3xlO*S'» 


% associated widi cdl surface at 15 min 


32.7% 


60.6% 


% associated with cell sur&ce at 15 min 


8.6% 


22.2% 


%ID/g Tumor 


0.8 


1.0 


T:Blood 


14.7 


22.9 


T:Kidney 


2.8 


5.6a 


T:Iiver 


14.2 


22.3 


T:Spleen 


10.3 


34.1 


Tilntesdne 


25.0 


29.7 


T:Lung 


9.4 


15.8 


T:Stomach 


8.9 


11.1 


T:Muscle 


78.8 


158.7 


T:Bone 


30.0 


102.7 
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ISOlatfon of HiPh Affinitv Monomerie Hiimai. A,^tHTTi »-2 SinplP rh«j| , fj jy^^p 

Afrintev Drivgn S«»lfytf ft,^ 

Materials and MethnAQ 

Construction cf heavy dtain storied libnmes 

To &dlitalB heavy chain shuffling, libraries were constructed in pHEN-1 
CEIoqgeiibooni et aL (1991) Nucleic Adds Ses. 19, 4133-4137) containing human Vh 

gene xqwrtoiies (FRl to FR3) and a cloning site at the end of Vh FR3 for inserting 
Vb CDR3, Vh FR4, linker DNA and light chain fiom binding sFv as a BssHU-Noa 

fiagment. To create the libraries three Vh gene iqjertoiies enriched for human VhI, 
Vh3, and Vh5 gene were amplified by PGR using as a template single stranded DNA 
ptqnred from a 1.8 x 10» member sFv phage antibody library pHEN-1 (Marks et <d. 
(1991) 7. MoL Biol. 222: 581-597). For PGR, 50 m1 reactions were prepued containing 
10 ng template, 25 pmol back primer (LMB3), 25 pmol forward primer (PVhIFORI, 
PVh3F0R1, or PVhSFORI), 250 uM-dNTPs, 1 mM MgQ,, and 0.5 (2 units) Taq 
DNA polymerase (Promega) in the manufecturer's buffer. Primers PVglForl, 
PV„3Forl, and PVH5Forl were designed to anneal to the consensus VhI, VgS, or, Vh5 
3* FR3 sequence respectively (Tomlinson et al. (1992) 7. Mol Biol. 227, 776-798; see 
Table 18). The reaction mixture was subjected to 25 cycles of amplification (94'C for 
30 sec, 55 •€ for 30 sec and 72»C for 30 sec) using a Hybaid OmniGene cyder. The 
products were gel purified, isolated from the gd using DEAE membranes, duted ftom 
the membranes with high salt buffer, edundl predpitaled, and resuspended in 20 of 
water (Sambrook et al. (1990)). 

The DNA fiqgments from the first PGR were used as templates for a 
second PC::r to introduce a BssHH site at the 3'-€nd of FR3 followed by a Noa site. Hie 
BssHn ate corie^s to amino add residue 93 and 94 (Kahat numbering (Kabat er fl^ 
(1987) Sequences qf proteins qf immunological interest, 4th ed., US Dqxutment of 
Health and Human Services, Public Health Service, Bethesda, MD; see, "Rble 5 in this 
reference) does not change the amino add sequence (alanine-arginine). PGR was 
performed as described above using 200 ng purified first PGR product as template and 
the back primers PVHlFor2, PVH3For2, and PV„5For2. The PGR products were 
purified by extraction with phenol/chloroform, predpitaled with ethanol, resuspended in 
50 Ml water and 5 /*g digested with NotI and Ncol. The digested fragments were gd 
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purified and each Vh gaie repertoire ligated sqMuately into pHEN-1 (Hoogenboom et al. 
1991 si^ra.) digested with NotI and Ncol. The ligation mix was purified by extraction 
with phenol/chloroform, ethanol precipitated, resuspoided in 20 wat«, and 2.5 id 
samples dectroporated (Dower et al. (1988) Nucleic Adds Res. 16, 6127-6145) into 50 
fdKcott TGI (Gibson et ai (1984) Ph.D. Thesis, University of Cambridge). Cells 
woe grown in 1 ml SOC (Sambiook er a/. 1990) for 3 min and then piflfayi on TYE 
(Kfiller (1972) Experiments in Molecular Genetics Cold Springs Harbor Lab Press, Cold 
^triqgs Harbor, New York) media contalniiig 100 /tg anqridllin/ml and 1% (w/v) 
glucose CIYE-AMP-GLU). Colonies were soaped ofif the plates into 5 ml of 2 xTY 
brodi (Kfiller (1972), sigm) containiqg 100 /ig anqndllin/ml, 1% glucose (2 x 
TY-AMP-GLU) and 15 (yfy) glycerol for storage at -70'C. The ckming efficiency and 
diversity of the libnuies were determined by PCR screening (Gussow and Clackson 
(1989) NUddc Acids Res. 17, AXXXi) as described (Maries et al. (1991), siqtm). The 
resulting phage libraries were termed pHEN-l-VHlrq>, pHEN-l-VH3rep and 
pHEN-l-VH5rq>. 

Three sq«rate C6.5 heavy chain shuffled phage antibody libraries were 
made from the pHEN-1-VHlrep, pHEN-l-VH3rep, and pHEN-l-V„5rep phage libraries. 
The C6.5 light chain gene, linker DNA, and Vh CDR and FR4 were amplified by PCR 
from pHEN-l-C6.5 plasmid DNA using the primers PC6VLlBack and fdSEQl. The 
PCR reaction mixtures were digested with BssHn and NotI and ligated 
in^HEN-l-V„lrq>, pHEN-l-V„3rq», and pHEN-l-VHSrep digested with NotI and 
BssHn. Transformation and creaticm of library stocks was as described above. 

Construction <tf light chain shuffled libraries 

To fedlitate light diain ^ufOing, a library was constructed in FHEN-1 
containing human and gene rqiertoires, linker DNA, and cloning sites fi»r 
inserting a Vh gene as an NcoL-Xbdl fragment. An Xhol can be encoded at the end of 
FR4 without changing the amino add sequence of residues 102 and 103 (serine-serine) 
(Kabat et al. Sequences of proteins qf immunological interest, 4tfa ed. U.S. Dept. Health 
and Human Services, Public Health Services, Bethesda, MD (1987)). To create the 
library, a V^ and Vx gene rqiertoire was amplified by PCR from a 1 . 8 x 10* member sFv 
phage antibody library in pHEN-1 (Maries et al. (1991), supra). PCR was performed as 
described above using 10 ng template, 25 pmol Back primer (RJHl/2/6Xho, RJH3Xho, 
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oKIH4/SXho) and 25 pmol forwaid primer (fdSEQl). The back primers were designed 
to anneal to the first 6 nucleotides of the (GAS) linker and either the 2, 6, J„3, or Jg 
4,5 segments respectively. The PGR reaction mixture was purified as described above, 
digested with Xhol and NotI, gel purified and ligated into pHEN-Vx3Sl (Hoogenboom 
and Winter (1992) J. Mol Biol. 227, 381-388) digested with Xhdl and Nofl. 
Transformation of E. coti, TGI, PGR screening, and creation of library stocks was as 
described above. The resulting phage libiaiy was termed pHEN-l-V|.Rp. 

The light chain shuffled jriiage antibody library was made for 
pHEK-l-Vi,iq). The C6.5 Vh gene was amplified by PGR from i^IEN-l-C6.5 plasmid 
DNAusiqg the primers PCfiVHlFor and LMB3. The PGR reaction mixture was 
purified, digested with Xhol and Nool, gd purified and ligated into pHEN-1-Vi.rep 
digested with Xho and Ncol. Transformation of £: coB TGI, PGR screening, and 
creation of library stocks was as described above. 

Consmiaion qfsFv containing highest qffinity Vg and gene obtained by chain 
shuffling 

Two new sFv were made by combining the gene of the highest affinity 
light chain shuffled sFv (C6L1) with the V„ gene of the highest affinity heavy chain 
shuffled sFv (C6H1 or C6H2). Tlie C6L1 plasmid was digested with Ncol and Xhol to 
remove the C6.5 Vh gene and gel purified. The Vh gene of C6H1 or G6H2 was 
amplified by PGR using the primers LMB3 and PC6V„lFor, digested with Ncol and 
Xhdl and ligated into the previously digested G6L1 vector. Glones were screened for the 
presence of the correct insert by PGR fingeiprinting and confirmed by DNA sequencing. 

Preparation tf phage 

To rescue phagemid particles fxom the libraries, 10 ml of 2 
TY-AMP-QLU were inoculated with an appropriate volume of bacteria (approximately 
50 to 100 /il) from the library stocks to give an A«9 of 0.3 to 0.5 and grown for 30 min, 
shakiAg at 37»C. About 1 x lO** plaque-forming units of VGS-M13 (Stratagene) 
particles were added and the mixture incubated at 37"G for 30 min without shaking 
followed by incubation at 37»G for 30 min with shaking. Gells were spun down, 
resuspended in 50 ml 2 x TY broth containing 100 /tg ampicillin/ml and 50 ng 
kanamydn/ml (2 x TY-AMP-KAN), and grown overnight, shaking at 25"C. Phage 
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paitides wae purified and concentrated by two PEG-predpitadons (Sambiook et al., 
1990), resuspoided in 5 ml phosphate buffered saline {25 mM NaH2p04, 125 mM NaCI, 
pH 7.0, PBS) and filtaed through a 0.45 u filter. The phage preparation consistmtly 
resulted in a titre of approximaiely 10" transducing units/mi ampidllin-resistant dones. 

Selection cf phage antibody libraries 

Hie light diain shufOed libiaiy was sdected usiqg immunotubes (Nunc; 
MaxisQib) coated with 2 ml c-eibB-2 BCD (25 /tg/ml) in PBS overnight at room 
tenq>erature (Marks er 02. (1991) ji^pra). The tube was blocked for 1 h at 37"C with 2% 
skiBuned milk powder in PBS (2« MPBS) and the selection, washing, and dutio^ 
performed as described (Marks <f a/. (1991), a^ru) usiqg phage at a concentration of 
5.0 X lO^'/ml. One third of the duted phage was used to infect 1 ml log phase E. cott 
TOl, which were plated on TYE-AMP-GLU plates and described above. The 

rescue-sdection-plating <yde was repeated 3 times, after which clones we^ 
Innding by EUSA. 

All libraries were also sdected using biotinylated c-eTbB-2 ECD and 
streptavidin-coated paramagnetic beads as described (Hawkin et al. (1992) J. Mol Biol. 
226, 889-896) with some modificatifms. To piqare biotinylated antigen, 0.2 ml 
c-erbB-2 BCD (1 mg/ml) was incubated with 5 mM NHS-LC-Biotin (Pierce) overnight at 
4»C and then purified on a presto desalting column. For each round of sdection, 1 ml 
of phage (approximatdy 10" tu.) were mixed with 1 ml PBS containing A% skimmed 
milk powder, 0.05% Tween 20, and biotinylated c-erbB-2 BCD. Affinity-driven 
selections were performed by decreasiiig die amount of biotinylated c-ert>B-2 BCD used 
for selection. Two sdection schemes were used. 

In sdection scheme 1 (SI) antigen concentrations of lOnM, 50 nM, 10 
nM, and 1 nM were used for selection rounds 1, 2, 3, and 4 respectivdy. In sdection 
scheme 2 (S2) antigen concentrations of 40 nM, 1 nM, 100 pM, and 10 pM were used 
for sdection rounds 1,2, 3, and 4 respectivdy. The mixture of phage and antigen was 
genfly rotated on an under-and-over-tumtable for 1 hour at room temperature. To 
c^rture phage binding biotinylated antigen, stnqMavidin coated M280 magnetic beads 
(Dynabeads, Dynal) were blodoed witii 2 » MPBS for 1 h at 37»C, and then added to tiie 
mixture of phage and antigen. In SI, 200 ^1 (round 1), 100 /d (round 2) or 50 m1 
(rounds 3 and 4) of beads were incubated wifli tiie phage-antigen mixture for 15 min. 
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lotatiQg on an under-and-over-tunitable at n»m temperature. In S2, 100 nl (round 1) or 
50 fd (rounds 2, 3, and 4) of beads were incubated with the phage-antigen mixture for 15 
min (round 1), 10 min (round 2), or 5 min (rounds 3 and 4). After capture of phage, 
Dynabeads were washed a total of 10 times (3 x PBS craitaining 0,05% Tween 20 
(TPBS), 2 X TPBS containing 2% skimmed milk powder, x PBS, 1 x 2%MPBS, and 2 x 
PBS) using a Dynal magnetic particle concoitrator. The Dynabeads were lesuspended in 
1 ml PBS, and 300 fd woe used to infiect 10 mllog phase E. cott TGI vAdOi woe 
plated m TYB-AMP-GLU plates. 

bdtUd sFv duuiacterizatUm 

Initial analysis of chain shuffled sFv denes for binding tc-abB-2 was 
pofoimed by ELISA using bacterial supernatant containing eaqnessed sFv. Es^iession 
of sFv (De Bellis and Schwartz (1990) Niidac Adds Res. 18, 1311) was performed in 
96 weU microtitre plates as described (Marks ef oL (1991), sig}n) with the foUowing 
exoqrtion. After overnight growth and ex^eswm at 30'C, 50 /d 0.5% Tween 20 was 
added to each wdl and the plates incubated for 4 h at 37»C with shaking to induce 
bacterial lysis and inoease the concentration of sFv in die bacterial supernatant. For 
selection performed on Immunotubes, EUSA plates (Falcon 3912) were incubated with 
o-erbB-ECD (2.5 /xg/ml) in PBS at 4»C overnight. For selections performed with 
biotinylated proton, Immunolon 4 idates (Dynatech) were incubated overnight at 4*'C 
with Immunopure avidin (10 /tg/ml in PBS; Pierce). After washing 3 times with PBS to 
remove unbound avidin, wells were incubated with biotinylated c-erbB-2 ECD as in 
Example 1. In both cases, binding of sFv to c-ert)B-2 ECD was detected with the mouse 
monoclonal antibody 9E10 (1 ng/al), which recognizes the C-terminal peptide lag 
(Munro and Pelham (1986), CeU 46, 291-300) and peioxidas&«onjugated anti-mouse Fc 
antibody (Sigma), as described (Marks a al., 1991, si^fm). Selected binders were 
further characterized by sequencing of the V„ and Vt genes (Sanger a al. (1977) Proc. 
Natl Acad. Sd. USA, 74: 5463-5467). Sequence data has been deposited with the 
GenBank Data Library. 

Screening of sPv for relative afBnity was performed essentially as 
described (Friguet et al. (1985) J. hmmol. Meth. TJ-. 305-319). Immunolon 4 EUSA 
plates (Dynatech) were coated with avidin in PBS (10 /tg/ml) at 4'C overnight. 
Biotinylated c-ert>B-2 ECD (5 /tg/ml) was added to the weUs and incubated for 30 min at 
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mom tonperature. Bactmal supernatant containing sFv was incubated with varying 
concentrations of c-eibB-2 (0 to 100 nM) at 4»C for 1 h. The amount of free sFv was 
then determined by transferring 100 /il of each mixture into the weUs of the previously 
prqared ELBA plate and incubating for Ih at 4«C. Binding of sFv was detected as 
under ELBA screening and the IC50 calculated as described (Friguet et al. (1985), 
supra) 

Screening of sFv by dissociation rate constant (k^^ was performed using 
real-time bioq)ecific interactiaa analysis based on suiiace plasmon resonance (SPR) in a 
BIAcore (Pharmacia). Typically 24 ELBA positive donesftom each of the final two 
rounds of selection were screened. A 10 ml culture of £ co« TCI containing the 
appropriate phagemid was grown and expression of s^ induced with IPTC (De Bdlis 
and Schwartz, 1990). Cultures were grown overnight at 25*C, sPv harvested ftom the 
perqrfasm (Breitliiig et al. (1991) Gene 104. 147-153). and the periplasmic fiaction 
dialyzed for 24 h against HEPES buffered saline (10 mM Hepes, 150 mM NaQ, pH 7.4, 

BBS). In a BLWore flow cell, approximately 1400 resonaiwe units (RU) of c-crbB-ECD 
(25 Mg/ml) in 10 mM acetate buffer pH 4.5 were coupled to a CMS sensor chip 
aohnsson et al. (1991) AmO. Biodiem. 198. 268-277). Assodation and dissociation of 
undiluted sFv in the periplasmic fraction was measured undo- a constant flow of 5 
Ml/min. An apparent dissociation rate constant (ki«) was determined from the 
dissociation part of the sensorgram for each sFv analyzed (Karisson et al. (1991) j. 
bnnamol Methods 145. 229-240). I^pically 30 to 40 samples were measured during a 
single BIAcore run, with C6.5 periplasmic preparations analyzed as the first and final 
samples to ensure stabiUty during the run. The flow cell was regenerated between 
samples using 2. 6 M MgQj in 10 mM glycine, pH 9.5 without significant chaoge in the 
sensorgram baseline after analysis of more than 100 samples. 

Subdoning, expression and purification of Single-duOn Fv. 

To 6cititate purification, shufiOed sFv genes were subdoned (Example 1) 
into the expression vector pUCllSfi-NotmycHis, which results in the addition of a 
hexa-histidinetagattheC-terminalendofthesFv. 200 ml cultures of filcoff TCI 
luttboring one of the C6.5 mutant phagemids were grown, oqnession of sFv induced 

with IPTC (De Bellis and Schwartz (199(0, JHpw) and the culture grown at 25»C 
overnight Single<hain Fv was harvested firom the periplasm (Breitling et al. (1991), 
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supra) dialyzed overnight at 4°C against 8 L of IMAC loading buffer (50 mM sodium 
phosphate, pH 7.5, 500 mNaQ, 20 mM imidazole) and then filtered through a 0.2 
mioon filter. 

Single-chain Fv was purified by immobilized metal affinity 
chromatography (IMAC) (Hochuli et al. (1988) Bio/Technology, 6, 1321-1325) as 
desc ri bed in Example 1. To remove dimeiic and aggr^ated sPv, samples wot 
conoentcated to a vohmie < 1 ml in a Centrioon 10 (Amioon) and fractionated on a 
Superdex 75 column using a running buffer of HBS. The purity of the final preparation 
was evaluated by assaying an aliquot by SDS-PA(^ Piotdn bands were detected by 
Coomassie staining. The concentration was detennined spectrophotometrically assuming 
an Aaw nm of 1.0 coneqxmds to an sFv concentration (tf 0.7 mg/ml. 

Measurement aft^inisy, Vme&cs, and cell surface retentim 

The of light diain shuffled C6.5 mutants isolated fiom phage sdectim 
using Immunotubes (Nunc) were determined by Scatchard analysis. All assays were 
peifbnned in tiq)licate. Briefly, 50 mg of radicnodinaled sFv was added to 5 x 10^ 
SK-OV-cdls in the presence of increasing concentrations of unlabeled sFv ftom the same 
prqKuatiTO. Aft^ a 30 minute incubation at 20°C, the samples woe washed with PBS 
at 4''C and centrifuged at 5C0g. The amount of labeled sFv bound to the cells was 
determined by counting the pellets in a gamma counter and Uie K. and were raimiatH 
using the EBDA program (V 2.0, G.A. McPherson, 1983). The Kj of aU the other 
isolated sFv were determined using surface plasmon resonance in a BIAcorc (Pharmacia). 

a BIAcore flow cdl, appraximatdy 1400 resonance units (RU) of c-eibB-2 ECD (25 
Mg/ml in 10 mM sodium acetate, pH 4.5) was coupled to a (MS sensor chq> (Johnsson 
et al. (1991), si^ra). Assodation and dissodation-Eates were measured under continuous 
flow of 5 ml/min using a concentration range from 50 to 800 nM. Rate constant k„ was 
determined ftom a plot of (l(dR/dt))/t vs concentration (Kailsson et aL (1991), sigfru). 
Bate constant 1;,^ was determined ftom the dissociation part of the sensorgram at die 
highest oonoentration of sFv analyzed. Cett sur£u» retention of C6.5 and C6L1 was 
determined as described in Example 1. 
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Modeling of location ofmuuuions 

The location of mutations in shuffled sFv was modeled on the structure of 
the Fab KOL (Marquart et al. (1980) 7. Mol. Biol. 141, 369-391) using Maclmdad v5.0 
(Molecular Ai>plications Group, Palo Alto, CA) running on an Applt Macintosh Quadra 
650. 



Besidts 

Construction of ^u^g^ phage antibody Ubmries 

To ftdlitate heavy chain shufOing, libraries were oonstnicted in pHEN-1 
(HoQgeiiboom et aL (1991), supm) containing human Vh geoe repertoires (ERl to FR3) 
and doning sites «w inserting the Vh CDMFR4, singte chain linker, and 1^^ 
gene from a binding sFv as a BssHn-Noafiagment Three heavy chain shuffling 
libraries were created (pHEN-l-VHlrep, pHEN-l-VaSrep, and pHEN-l-VaSrep), each 
enriched fiarVHl. YhS, or Vh5 genes by using PGR primers designed to anneal to the 
consensus sequence of the 3' end of VhI, Vh3, or VhFR3 (Tomlinson et al. (1992), 
supra). These primers also introduced a BssHH site at the end of FR3, without changing 
the amino add sequence typically observed at these residues. libraries of 5.0 x lO* 
dones far pHEN-l-V„lrep, 1.0 x 10« dones for pHEN-l-Y^tep and 1.5 x 10* dones 
for pHEN-l-V«5iep were obtained. Analysis of 50 clones from each library indicated 
that greater than 80% of the dones had inserts, and the Ubraries were diverse as shown 
by the BstNI restriction pattern (Marks et aL (1991), supra). Three heavy chain shuffled 
Ubraries were made by doning the C6.5 Vh CDR3, FR4, linker, and light duun genes 
into the previously created V„l. V^S, or Vh5 repertoire using the BssHH and NotI 
restriction sites. After transformation, libraries of 1.0-2.0 x 10* dones were obtained. 
PGR screening revealed that 10096 of dones analyzed had M length insert and diverse 
BstNI restriction pattern. Prior to sdection, 20/92 dones sdeded at random ftom the 
Vh5 library eq>ressed sFv whidi bouid c-eibB-2. 0/92 dones sdected at random from 
the Vgl or Vg rqiertoire expressed sFv which bound c-erbB-2. 

To facilitate light chain shuffling, a libiary was constructed in pHEN-1 
containing human Vk ami V, gene rqwtoires, single dudn Imker DNA, and doning sites 
for inserting the V„ gene from binding sFv as an Ncol-Xhol fragment. The resulting 
library (pHEN-l-V,rq)) consisted of 4.5 x 10* dones. PGR screening revealed that 9596 
of dones analyzed had full length insert and a diverse BstNI restriction pattern. Alight 
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chain shufOed library was made by cloning the C6.5 V„ gene into pHEN-l-V,n5). After 
transformation a libiaiy of 2.0 x clones was obtained. PGR screening revealed that 
100% of dones analyzed had fiiU length insert and a diverse BstNI restriction pattern. 
Prior to selection, 0/92 clones selected at random expressed sFv which bound c-erb&-2. 

Isolation and characterization qf higher affituty tight duun shiiffled scF 

In a first approach to increase affinity, c-eibB-2 EOD coated polystyrene 
tubes were used for selecting the light chain shufBed library. Ph^ge were subjected to 
three rounds of the rescue-selection-infcction cycle. One hundred and eighty clones from 
the 2nd and the 3rd round of selection were analyzed for binding to recombinant 

o^B-2ECDbyELISA. After the 3id round of selection, greater than 50« of the 
clones were po^ve by EUSA (Table 8). 

jaOe 8. Frequency of binding sFv and pereent of binding sFv with slower than 
C6.5. bimhng was determined by ELISA. Rate constant was determinedby MAcore 
on unpunfied sFv in bacterial rerinlasm. ^ ««eoic 



Library and method of selectim 


ELISA 
Round of Selection 


sFv with slower 
than C6.5 (parental 
sPv) 

Round of Sdection 


2 


3 


4 


2 


3 


4 


VL<^ufning, selected on: 
antigen coated immunotubes 


41/180 


97/180 


ND 


ND 


ND 


ND 


soluble antigen (rd 1, 100 nM; rd 2, 
SO nM; rd 3 10 nM; rd 4, 1 nM). 


74/90 


22/90 


13/90 


ND 


0% 


42% 


soluble antigen (rd 1, 40 nM; rd 2, 1 
nM; rd 3, 0.1 nM; rd 4, 0.01 nM) 


ND 


65/90 


62/90 


ND 


25 
% 


84% 


Vs-diuffling, selected on: 

soluble antigen; (rd 1, 100 nM; rd 2, 
50 nM; rd 3, 10 nM; id 4, 1 nM) 


ND 


43/90 


56/90 


ND 


0% 


0% 


soluble antigen (rd 1, 40 nM; rd 2, 1 
nM; rd 3, 0.1 nM; rd 4, 0.01 nM) 
xxl= round, tiD= not detenmned. nM=i f 


ND 


90/90 


82/90 


ND 


0% 


12% 
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Table 9. IC50 and Kd of C6.SsFv and 4 chain shuffled mutant sFvs. IC50 was 
detennined by competition ELISA and Kj by Scatchard after radioiodination. 



sFv 




IT nji\ 

{NL) 


C6.5 


2.0x10* 


2.0 X 10* 


C6VLB 


1.0x10* 


3.0 X 10* 


C6VLD 


5.8 X 10* 


2.6 X 10* 


C6VLE 


2.8 X 10-' 


7.1 X 10* 


C6VLF 


7.5 X 10» 


7.9x10* 
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Positive clones woe lanlced by ICjo as determined by competition ELISA 
(Table 9). Sixteoi sFv with ICjoS less than the ICx of tiie parental sfv were sequoiced 
and four unique DNA sequences identiiied (Table 10). These clones were purified by 
IMAC after subdoning into PUC119SFI/NotmycHis, and the affuiity determined by 
Scatcfaaid analysis. 

Desfnte th«r lower ICji^, mme of these 4 sf«r had a higho* affinity for 
c-e(bB'2 (Table 9). Gel filtration analysis of the four purified sfv demonstiated the 
presence of two ^eaes, with size consistent for nxmometic and dimeiic sfv. In 
contrast, the parental sPv existed only as monomer. 

As a result of these observations, it was hypotfaeazed tiiat selection on 
immobilized antigen fevored tiie isolation of lower afBnity dimeric sPv whidi could 
achieve a higher appeaan affinity due to avidity. Li addition, determination of by 
inhibition BUS A using native sFv in peiqdasm did not successfully screen for sFv of 
higher afBniQr. To avoid die selection of lower affinity dimeric sPv, subsequent 
selectims were perfiomied in solution by incubating tiie fdiage witii biotinylated c-erbB-2 
ECD, foUowed by captiue on stxqrtavidin coaled magnetic beads. To select phage on tiie 
basis of afBnity, tiie antigen concentration was reduced each round of selection to bdow 
tiie range of tiie desired sPv (Hawkins et al. (1992), jipro). To screen ELISA 
positive sPV for improved binding to c-eibB-2, a BIAcore was used. Poiplasm 
prqiarations containing unpurified native sFv can be ^lied directty to a c-erbB-2 coated 
BIAcore flow cdl, and tiie determined from tiie dissociation portion of tiie 
sensorgram. This permitted ranking tiie chain shuffled clones by k^. Moreover, by 
plotting hi (Rn/Ro) vs t, tiie presence of multiple k^r can be detected, indicating tiie 
presence of mixtiires of monomelic and dimeric sFv. This strategy of selecting on 
antigen in solution, followed by BIAcore screening of ELISA positive sFv, was used to 
isolate higher afGnity diain shuffle mutants. 

The light chain shufOed library was subjected to four rounds of selection 
on decreasing soluble antigen concentration (100 Nm, 50 Nm, 10 Nm, and, 1 Nm). In a 
sqaiate set of experiments, tiie 4 sounds of selection were performed using 40 nM, 1 
nM, 0. 1 nM, and 0.01 nM antigen concentration. Using tiie higher set of antigen 
concentrations for selection, 13/90 clones were positive for o-erbB-binding by ELISA 
after tiie 4tii round of sdection. In tiie BIAcore, 42% of tiiese ckuies had a slower li;^ 
tiian tiie parental sFv. Using tiie lower set of antigen concentrations for selection, more 
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clones were positive for c-erbB-2 binding by EUSA (62/90) after the 4th round of 
selection, and 84% had a slower Jq^ than the parental sFv. Sequencing of the gene of 
ten of these sFv revealed one unique sFv (C6L1) (Table 10). The Vx gene of C6L1 was 
derived from the same gennline gene as the parental sFv, but had 9 amino add 
substitutions. The C6L1 gene was subdoned and the sFv purified by IMAC and gd 
filtration. C6L1 sFv was monomelic as detomined by gd filtration and had an affinity 6 
times higher than parental (Table 11). The increased affinity was due to both a fiister k. 
and a slower krtf (Table 11). Hie slower was assodaled with a three fold increase in 
the retention of sPv on the surface of SK-OV-3 cdls (28% at 30 minutes for C6L1 
conqared to 10% at 3 minutes for the parental sFv). 



Tabk 11. Affinities and binding kinetics of c-eibB-2 binding Single-chain Fv, Kd, k;. 
and krfr were determined by surface plasmon resonance in a BIAcore. Combined Single- 
chain Fv result from combining the Vl of C6L1 with the Vg of dther C6H1 or CfiH2 



II sFv source and done name 




uu lUB w euuer 

k«(ikrV) 


^otii or wxaa. 

k*(M-»s-!ri 


1 Parental C6.S 


1.6 X 10^ 


4.0 X 10-' 


6.3 X 10* 


1 light Chain ShufHed C6L 


2.6 X 10* 


7.8 x 10^ 


2.0x10* 


Heavy Chain ShufOed 

C6H1 

C6H2 


5.9 X 10* 
3.1 X 10* 


1.1 X 10* 
8.4 X 10* 


6.2 X 10* 
2.6 X 10* 


Combined sFv 
C6H1L1 
1 C6H2L1 


1.5 X 1(H 
6.0x10* 


4.1 X 10* 
3.0 X 10* 


6.2 X 10* 
1.8 X 10* 



Isolation and duiracterization qf higher tffinity heavy dutin shffled s<f. 

The Vh5 heavy chain shu£fled Kbrary was subjected to four rounds of 
selection on decreasing soluble antigen concentration (100 Nm, 5nM, 10 Nm, and, 1 
Nm). In a sqnrate set of experiments, the rounds of sdection were performed using 40 
Nm, 1 Nm, 0.1 Nm, and 0.01 Nm antigen concoitralion. Using the higher set of 
antigen concentrations for sdection, 56/90 clones were positive for c-eibB-binding by 
ELBA after the 4th round of selection. None of these clones, however, had a slower 
than the parental sFv. Using the lower set of antigen concentrations for sdection, more 
clones were positive for c-eibB-2 binding by ELBA (82/90) after the 4th round of 
sdection, and 12% had a slower k;^ than the parental sFv. No binders were isolated 
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firom dther the VhI or Vh3 shuffled libraries. Sequencing of the Vh gene of all slower 
kioff clones revealed two unique sFv» C6H1 and C6H2 (Table 12). The Vh genes of 
C6H1 and C6H2 were derived firom the same germline gene as the parental sFv, but 
differed by 7 and 9 amino adds respectively. C6H1 also had a stop codon in the heavy 
diain CDRl and was expressed as a Pm fusion due to read through, albeit at very low 
levels. The two sFv were subcloned and purified by IMAC and gel filtiation. Both sPv 
were monomeric as determined by gd fUtration CfiHl had 3 fold higher affinity for 
o«bB-2 than C6.S and C6H2 had Sfdd higher affinity than C6.S(I^ Hie 
increased afBnity of C6H(S.9 x 10^ M) was due to a fiister k^, whereas the increased 
affinity of C6H2 (3.1 x 10^ M) was due to both a &ster 1^ and sIowct (Table 11). 

Location cfmmdoms in chain shuffled srf 

Mutations in diain shuffied sFv were modeled on the Fv fragment of the 
inununoglobulin KOL (Marquart et al. (1980), supra) (Figures 2 and 3). KOL was 
adected as the modd because it has a gene derived from the same £unily as C6.5, 
and a Vh gene with the same length CDR2. Mutations in higher affinity sPv were located 
bodi in surface residues at the antigen combining site, as wdl as residues located far 
from the binding site (Figure 2). Bxcept for two conservative mutations in Vh 
framework 3 (V89M and F91Y), no mutations were located in residues which form the 
two 5 stranded B-sheets that form the Vh-Vl interface (Chothia et al. (1985) /. Mol 
Biol 186, 651-663) (figure 2 and Tables 10 and 12). In contrast, all 4 light chain 
shuffled sFv which formed mixtures of monom^ and dimer had mutaticms in residues 
which formed the B-sheet that packs on the Vh domain (Table 4 and Figure 3). 
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AmnitMS ofsFy muUine from eomhinin^ hiah.. ^/yy^ ^ ^ \ r »ffT 
obtained hv rhnfn shufftine. 

In an attempt to further increase afiBnity, shuffled V„ and genes from 
higher affinity sFv were combined into the same sFv. Combining the gene from 
C6L1 with the Vh gene from C6H1 resulted in an sFv (C6H1L1) with lower affinity than 
either C6L1 or C6H2craWe 11). No additional reduction in was achieved, and the 
1^ was reduced qrproximatdy 2 feld. Similarly, combining the gene from C6L1 
with die Vh gene f«m» C6H2 resulted in an sFv (CfiH2Ll) with lower afiM 
orC6H2(rablell). No additional reduction in Is^ was achieved, and the k^. was 
reduced approximately 2 fidd. Hius, in both instances, combining the independently 
isolated higher afBnity Vh and V, genes had a negative effect on affinity. 



of Hifhpr Affinitv Miitoirff; 

In order to prepare higher afBnity mutants derived ftom C6.5 part of the 
light chain and heavy chain CDR3 were sequendaUy randomized . The C6.5 VL CDR3 
was modified by randomiziiig teh sequence AAWDDSLSG. Hie heavy chain CDR3 
domain was randomized. TTie variable heavy chain CDR3 was randomized 4 amino 
adds at a time; In other words, the CDR3 sequence of HDVGYCSSSNCAKWPEYFQH 
was modified by randomizing SSSN (library B), DVGY (Ubiary A), AKPE (library Q 
and YFQH (Ubrary D) SSSN, AKPE and YFQH respectively as described bdow. 

L Materiak and Methnrt« 

Constniaion of phage antibody libraries 

As explained above, mutant sFv phage antibody libraries were constructed 
based on the sequence of C6.5, a human sFv isolated from a non-immune phage antibody 
Ubrary which binds to the tumor antigen c-etbB-l withaKdofl.6xl(r«M(ie« 
Example 1). For construction of a library containing V^CDRa mutants, an 
oligonucleotide (VLl; Table 18) was designed which partiaUy randomized . 
add residues located in V,,CDR3CEable 4, above). Fto the nine amino adds 
randomized, die ratio of nudeotides was diosen so tiiat die frequency of wild-type (wt) 
amino add was 49%. 
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To create the library, C6.5 sFv DNA (10 ng) was amplified by PCR in 50 
fd reactions containing 25 pmol LMB3 (Marks et al., 1991 /. MoL Biol. 222: 581-597), 
25 pmol VLl, 250 /iM dNTPs, 1.5 mM MgQj, and 1 (5 units) Taq DNA polymerase 
(Prom^) in the manu£actur»s buffer. The reaction mixtuie was subjected to 30 cycles 
i of ampMcatioa (94'C for 30 s, 50X for 30 s and 72^0 for 1 min) using a Hybaid 
OmniGene cyder. 

To introduce a NotI restriction site at die 3' end of the sFv gene 
rqiertoiie, the PGR fragment (850 bp) was gd punfied and reamplified using the primers 
LMB3 and VL2 (laUe 18). Hie PGR product was purified, digested with Sfiland NotI, 

ifi and ligated into pCANTABSE (Pharmacia) digested with Sfil and NotI. 

Ligation mixtures were purified as previously described above and aliquots 
dectropwated (Dower et al. (1988) Nuddc Adds Res.. 16: 6127-45) into SO /tl £ coU 
TGI (Gibson (1984) Studies on the ^)stdn-Barr virus genome. PhD thesis, University of 
Cambridge). Cdls were grown in 1 ml SOC (Sambrook et al., (1990) sigfm.) for 30 

XS min and then plated on TYE (Miller, J. H. (1972) Experimem in Molecular Genetics. 
Cold Springs Harbor Lab Press, Cold Springs Harbor, New York.) media containing 
100 Mg ampidllin/ml and 1 % (w/v) glucose (TYE-AMP-Glu). Colonies were scraped 
off the plates into 5 ml of 2 x TY broth (MiUer (1972) siqtra.) containing 100 ng 
ampidllin/ml, 1% glucose (2xTY-AMP-Glu) and 15% (v/v) glycerol for storage at 

2Q -70*C. The doningeffidency and diversity of libraries was determined by PGR 

screening (Gussow & Clackson (1989) Nucleic Adds Fes. 17) exactly as described in 
(Marks et al.. (1991) si^ro.) and by DNA sequencing (Sanger et al. (1977) Pmc. Natl. 
Acad. Sd. USA. 74: 5463-7). The mutant i^age antibody library was rfwien nM 
C6VLCDR3. 

2£ Fbur libraries of VaCDR3 mutants were constructed. For construction of 

each Vh CDR3 library, oligonucleotides (VHA, VHB, VHC. and VHD; Tsbit 18) were 
designed whidi completdy randomized four amino add residues located in Vh CDR3 
(amino add residues 96 to 99, library A; residues 100a to lOOd, library B; residues 
lOOf, lOOg, lOQi, and lOOj, library C; and residues 100k to H102, library D; ^e 13). 

10 To create the libraries, DNA encoding die V„ gene of C6.5 sFv DNA (10 ng) was 

anq)lified by PCR in 50 reactions containing 25 pmol LMB3 (Marks et al., 1991) and 
25 pmol of dtiier VHA, VHB, VHC, or VHD exactty as described above. The resulting 
PCR fragments were designated VHAl, VHBl, VHCl, and VHDl, based on the 
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mutagenic oligonucleotide used for amplification. In four separate PCR reactions, DNA 
encoding the light chain, sFv linker, Vm framework 4 (FR4), and a portion of V„ CDR3 
of C6ML3-9 was amplified by PCR as described above using the primers C6hisnot and 
either RVHA, RVHB, RVHC, or RVHD (Wble 18). 

These amplifications yielded PCR ftagments VHA2, VHB2, VHC2, and 
VHD2. The 5* end of primers RVHA, RVHB, RVHC, and RVHD were designed to be 
complenientaiy to the 5' ends of primers VHA, VHB, VHC, and VHD respectively. 
This conqdementarity permits joining of the VHl and VH2 PCR fragments together to 
create a fiiU length gene iqierloire using qdidng by overiapextensi^ Tocreate 
the mutant sFv gene rq>ertdres, 200 ng of each PCR fiagment (VHAl and VHA2, 
VHBl and VHB2, VHCl and VHC2, or VHDl and VHD2) were combined in SO ml 
PCR reaction mixtures (as described above) and cycled seven times to join the fiagments 
<?4»C for 30s, 60-C for 5s, 40'C for 5s (RAMP: 5s), T2'C for 1 min). After seven 
cycles, outer primers LMB3 and Cfihisnot were added and the mixtures amplified for 30 
cycles (94»C for 30 s,50«C for 30 s,72»C fori min). The PCR products were 
purified as described above, digested with Sfil and NotI, and sqiarately ligated into 
pCANTABSE (Pharmacia) digested with Sfil and Notl. Tht four ligation mixtures were 
purified as described above and electroporated into 50 Ml £ CO// TOl. Transformed 
cells were grown and plated, and libraries characterized and stored, as described above. 
The mutant phage antibody libraries were designated C6VHCDR3A, C6VHCDR3B, 
C6VHCDR3C, and C6VHCDR3D. 

Prqtantion of phage and selection qf phage antibody libraries. 

Prqwration of phage for selection was peiformed exactly as described in 
Examples 1 and 2.. Phage particles were purified and concentrated by two 
PEG-predpitations (Sambrook er al., 1990), resuspended in 5 ml phosphate buffisred 
saline (25 mM NaHaP04, 125 mM NaQ, pH 7.0, PBS) and filtered through a 0.45 m 
fOter. All libraries were selected using biotinylated c-etbB-2 BCD and 
streptavidin-coated paramagnetic beads M280 (Dynal) as described above. For selection 
of the C6VLCDR3 library, c-erbB-2 BCD concentrations of 4.0 x 10* M, 1.0 x 10* M, 
1.0 X 10" M, and 1.0 x 10-" M were used for selection rounds 1, 2, 3, and 4 
respectivdy. The mixture of phage and antigen was genUy rotated for 1 h at room 
temperature and phage bound to biotinylated antigen captured using 100 fd (round 1) or 
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50 fd (rounds 2, 3, and 4) of streptavidin-coated M280 magnetic beads. After capture of 
phage, Dynabeads were washed a total of ten times (three times in PBS containing 

0. 05% Tween 20 (TPBS), twice in TPBS containing 2% skimmed milk powder 
(2%MTFBS), twice in PBS, once in 2%MPBS, and twice in PBS) using a Dynal 

£ magnetic particle concentrator. The Dynabeads were resuq)ended in 1 ml PBS, and 300 
fd were used to infect 10 ml log phase E. coU TGI whidi wm plated on TYE-AMP-Glu 
plates. For selection of Ae C6VHCDR3 libxaries, c-etbB-2 ECD concentrations of 5.0 x 
10^ M, 5.0 X lOr^^ 5.0 x lO"'^ M, and 5.0 x la" M were used for selection rounds 

1, 2, 3, and 4 respectively and tfie phage csQ>tured by incubating with 50 id of 
ifi Dynabeads for 5 min. 

Hie washing protocol was altered to select for sFv with the lowest 1^ 
(Hawkins €ral. (1992)7. MoL Biol 226: 889-896). Dynabeads with bound phage were 
initially subjected to five rapid washes (4 x TPBS, 1 x MPBS) followed by six 30 min 
inctibations in one of three washing buffer (2 x TPBS, 2 x MPBS, 2 x PBS) containing 
IS 1.0 X 10''' M c-«bB-2 ECD. Bound phage were eluted from the Dynabeads by 

sequential incubation with 100 /d of 4 M MgClj for 15 min followed by 100 ^1 of 100 
mM HCl for 5 min. Eluates were combined and neutralized with L5 ml of 1 M Tiis 
HQ, pH 7.5 and one third of the eluate used to infea log phase K coU TGI. 

m Initial sFv diaracterization. 

Initial analysis of selected sFv clones for binding to c-erbB-2 ECD was 
determined by phage EUSA. To prqiare phage for EUSA, single ampidllin resistant 
colonies were transferred into microtitre plate wells containing 100 id 2xTY-AMP-0.1% 
glucose and grown for three hours at 37*C to an A«x> of qqiroximately 0.5. VCSM13 

2£ hdper phage (2.5 x 10* phage) were added to eadi well, and the cells incubated for 1 
hour at 37*C. 

Kanamydn was then added to each well to a final ooncentration of 25 
Mg/ml and the bacteria grown overnight at 37''C. Supraiatants containing phage were 
used for EUSA. For EUSA, Immunolon 4 plates (Dynatech) were incubated overnight 
2fl at 4'*C with ImmunoPure avidin (10 fig/ml in PBS; Pierce). After washing three times 
with PBS to remove unbound avidin, wells were incubated with biotinylated c-erbB-2 
ECD as described above. 
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Binding of sFv phage to c-erbB-2 ECD was detected with 
peroxidase-conjugated anti-M13 antibody (Pharmacia) and ABTS (Sigma) as substrate. 
Selected binders were furtha" characterized by DNA sequencing of the Vh and genes. 

Ranking of sFv by was performed using SPR in a BIAcore as described 
above. Briefly, 10 ml cultures of 24 ELISA positive clones bom the third and fourth 
round of selection were grown to an A<oo of qqmndmately 0.8, sFv expression induced 
(De Bellis et al. (1990). Nudetc Adds Res.» 18: 1311) and the cultufe grown overnight 
at 2S'C. Single-diain Fv were harvested from die petqilasm (Brdtling et al. (1991) 
Gene, 104: 147-153), and the perqilasmic fraction dialyzed for 48 h against hepes 
buffered saline (10 mM hepes, 150 mM NaQ, pH 7.4, HBS). In a BIAcore flow cdl, 

approdmatdy 1400 resonance units (RU) of ECD were coupled to a CKfS 

sensor chip usmg NHS-EDC chemistry (lohnsson et aL (1991) Andl. Biochem. 198: 
268-277). Assodation and dissociation of undihited sFv in the periplasmic fraction were 
measured under a constant flow of 5 fd/min and HBS as running buffer. An apparent k^^ 
was determined £tom the dissociation part of the sensorgram for each sFv analyzed 
(Karlsson et al. (1993) /. bnmunol. Meth. 166: 75-84). The flow ceU was regenerated 
between samples using sequential injections of 4 M MgQ, and 100 mM triethylamine 
without significant change in the sensorgram baseline after analysis of more than 100 
samples. 



Subcloning, eigtression and purification ofsFv. 

To facilitate purification of sFv selected from the C6VLCDR3 Ubrary, the 
sFv genes were subcloned into the expression vector pUC119 Sfi-NotmycHis, which 
results in the addition of a hexa-histidine tag at the C-terminal end of the sPv. Tlie sFv 
selected from the C6VHCDR3 library already have a C-terminal hexa-histidine tag and 
therefore could be purified without subcloning. 500 ml cultures of E. coU TCI 
harboring one of the C6.5 mutant phagemids were grown, expression of sFv induced (De 
Bellis era/. (1990) *i(pra.), and the culture grown at 25»C overnight Single-chain Fv 
were harvested from the periplasm (Brdtling et al. (1991) supra.), dialyzed overnight at 
4»C against 8 L of IMAC loading bufifer (50 mM sodium phosphate, pH 7.5, 500 mM 
Naa, 20 mM imidazole) and then filtered through a 0.2 micron filter. Single-chain Fv 
was purified by IMAC (HochuU et al. (1988) Bio/Technology, 6: 1321-1325) as 
descabed above. 
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To sq>arate monomeric, dimoic and aggregated sFv, samples weie 
concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and fractionated on a 
Superdex 75 column using a running buffer of HBS. The purity of the final preparation 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were detected by 
Coomassie staining, llie concentration was determined q)ectipphotometrically, assumiitg 
an Agio nm of 1.0 correqmnds to an sPv concentratum (tf 0.7 mg/ml. 

Measuranent qf tsB^nity biruSng kUietics. 

The of sFv were determined using SFR in a BIAcore. LiaBIAcore 
flow cell, approximately 1400 RU of c-cibB-2 ECD (90 kDa, McCartney et aL (1995) 
Protein Eng. 8: 301-314) were coupled to a CMS sensor chip (Johnsson et al. (1991) 
siqna.). Assodation rates were measured under continuous flow of 5 ml/min using 
concentrations ranging from 5.0 x 10* to 8.0 x 10"' M. Rate constant k„ was 
determined from a plot of (In (dR/dt))/t vs concentration (Karlsson et al. , 1991). 

To verify that differences in k« were not due to differences in 
immunoreactivity, the relative concojtrations of functional sFv was detennined using 
SPR in a BIAcore (Karlsson et al. (1993) supra.). Briefly, 4000 RU of c^B-2 ECD 
were coupled to a CMS sensor chip and the rate of binding of C6.5 (RU/s) determined 
under a constant flow of 30 ml/min. Over the concentration range of 1.0 x 10*M to 1.0 
X la' M, the rate of binding was proportional to the log of the sFv concentration. 
Purified sFv were diluted to the same concentration (1.0 x 10* M and 2.0 x 10* M) as 
determined by Ajgo. The rate of binding to c-erbB-2 BCD was measured and used to 
calculate the concentration based on the standard curve constructed from C6.5. 
Dissociation rates were measured using a constant flow of 25 itUaaa and a sPv 
concentration of 1.0 x 10* M. K« was determined during the first 2 min of dissociation 
for sFv mutated in VtCDR3 (Karlsson era/: (1991) ji^pm.) and during the first 15 to 60 
min fiir dones with k^^ bdow 5 x 10* s"* (sFv mutated in Vh CDR3 and combined sFV). 
To exdude rebinding, was determined in the presence and absence of 5.0 x lO"' M 
c-eibB-2 ECD as described above in Examples 1 and 2. 

Cell suffiux retention assay. 

The cell surfece retaition of selected sFv was detennined on live SK-OV-3 
cdls using a fluorescence activated ceU sorter (FACS). Purified sFv were labded with 
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NHS-LC-Biotin (Pierce) using the manufactuieis instnicticms. The concentratioii of 
immunoreactive biotinylated sFv was calculated using SPR as desoibed above. Hie 
efficiency of biotinylation was also determined in a KAcore using a flow cell to which 
SOOO RU of stiq)tavidin was coupled. The total sesponsea after association were 
ocmipared between samples and concentrations of sFv were adjusted u^g the results 
obt^ed from the BIAcore. For the assay, aliquots of SK-OV-3 cells (1.2 x l(f 
c-eibB-2 positive cdls) were incubated with 14 ftg biotinylated sFv in a total volume of 
0.5 ml (1 /iM sFv) FACS buffer (PBS containing IX BSA and 0.1% NaN,) for 1 h at 
37*C. Cdls were washed twice with 10 ml FACS buffer (4*Q and resuspended in 12 
ml FACS buffer and further incubated at 37*C Aliquots of cells (P.S nil fiom 12 ml 
containing 5 x lO* cells) were taken after 5 min, evoy 15 min for the first hour and after 
two hours repeatiqg flie wash and resuspension cyde. Washed odl aliquots were fixed 
with 1% paraformaldehyde, washed twice with FAC:S buffer, and Incubated for 15 min 
at 4*C with a 1:800 dilution of phyooerythiine-labeled strqMavidin (Eieioe). 
Fluorescence was measured by FACS and the percent retained fluorescence on the cell 
surface plotted versus, the time prants. Single-chain FV used for the cell sur&ce retention 
assay were C6.5 (K, = 1.6x 1&*M), C6ML3-9 (K^ «= l.Ox ia»M), C6MH3-B1 (K< 
= 1.2 X 10-" M), and the anti-digoxin sFv 26-10 (Huston et al. (1988) Prvc. Natl. Acad. 
Sd. USA, 85: 5879-83) as negative control. 

^gh resolution ftmaional scan ofC6.5 V„ CDR3. 

A high resolution functional scan of the C6.5 V„ CDR3 was performed by 
individually mutating residues 95-99, lOOa-lOOd, and lOOg-102 to alanine. The pair of 
cystdne residues (100 and lOOe) were simultaneously mutated to serine. Residue lOOf 
(alanine) was not studied. Mutations were introduced by oligonudeotide directed 
mutagenesis using the method of Kunkd et al. (1987) Meth. EnzymoL, 154: 367-82. 

Insertion of the conect mutation was verified by DNA sequendng, and 
sFv was expressed (De Bellis et al. (1990) supra.; Brdtling et al. (1991) stgtra.) and 
purified by IMAC (Hochuli et al. (1988) supra.). Affinities were determined by SPR as 
described above and compared to C6.5 sFv. 

Modeling of location ofmuuuions. 



l5Ue9TnUTe9HEEr(RUL£26) 
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The location of mutations in mutated sFv was modeled on the structure of 
the Fab KOL (Maiquart et al. (1980) J. Mol. Biol, 141: 369-391) using the program O 
(lones et aL (1991). jUm Oyst., A47: 110-119) on a Silicon Graphics woriatation. 

» Mutation of s FV CDR3 

library consmiaUm and selection. 

As eqdained above, 9 amino adds in Vl CDR3 weie partiaUy nuidondzed 
1^ synthesizing a "doped" oligonucleotide in whidi the wild-type nudeotide occuned 

< 

widi a fipequency of 49%. After transftnmation, a library of 1.0 x lO' dones was 
obtained. Hie mutant pha^ antibody library was designated C6VLCDR3. 

POlymeiase chain reaction (PGR) screening revealed that 100% of dones 
analyzed had full lengdi insert and diver^ty was confirmed by sequaidng the Vl CDB3 
of ten clones ftom the unselected library. Prior to sdection, 5/92 dones sdected at 
random e^ressed sFV ^x^iidi bound c-erbB-2 BCD by enzyme linked immunosorbent 
assay (ELISA). 

The C6VLCDR3 library was subjected to four rounds of sdection usiog 
decreasing concoitrations of biotinylated c-erbB-2 ECD. A rdativdy high antigen 
ooncoitiiation (4.0 x 10* M) was used for the first round to capture rare or poorly 
expressed phage antibodies. The concentration was decreased 40 f<Ad for the second 
round (1.0 x 10* M), and decreased a fiirdier tenfold each of tiie subsequent two rounds 
(1.0 X 10-" M, 3rd round; 1.0 x 10"" M, 4th round). After each round of sdection, the 
concentration of binding phage in the iwlydonal phage prq»ration was determined by 
measuring die rate of binding of polydonal phage to c-eibB-2 ECD under mass transport 
limited conditions using surfiice idasmon resonance (SFR) in a BIAcore. The results 
were used to guide the antigra concntratim ftir the subsequoit round of sdection. Afi^ 
both die third and fiwrth rounds of sdection, 92/92 dones bound c-e(bB-2 ECD by 
EUSA. 

aiaraaerization of mutant sPv. 

To identify sFv with a lower than wild-type sPv, apparent was 
detomined by SFR in a BIAcore on unpurified native sFv in bacterial periplasm. 
TwoiQr-four sPv ftom die diird and fourth rounds of sdection were ranked by Ka. AtbN 
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the thiid round of selection, 80% of sFv had a lower than wt and after four rounds, 
100% of sFv had a lower Is^ than wild-type sFv. The twelve sPv with the lowest k;,^ 
firom each of these rounds of sdection were sequenced and each unique sFv gate was 
subdoned for purification. Single<hain Fv were purified by immobilized metal affinity 
chromatography (IMAQ, followed by gel filtration to ranove any dimeric m aggmgated 
sPv. 

The k;., and k;«were detennined by BIAoare, and the raiwimy rf 
After die diiid round of selection, seven unique sFv were idoitified, all with higher 
affinity than wild-type sFv. Siqgle-cfaain Fv had on average 1.8 amino add 
substitutions/sFv, with a single substitution at xesidue 92 the most fiequently observed 
mutation. These angle amino add substitutions would have occurred widi a ftequem^ 

of 1/12,000 in the original libnffy, assuming equal nndeotideooiqding efficiency. The 
average aFv affinity was 3.6 x 10» M (4.4 fold increase), with the highest affinity 2.6 x 
10* M (sixftdd increase). 

After fournninds of sdection, six sPv were identified, and none of these 
sequences were observed in the sFv sequenced ftom the third round. Single-chain Fv 
firom the fourth round had on average 2.9 amino acid substitutions/sFv, with expected 
frequencies of between 1/590,000 and 1/24,000,000 in the original library. The average 
sFv affinity after the fourth round was 1.9 x 10* M (8.4 fold increase), with the highest 
affinity 1.0 x 10* M (16 fold increase). The results demonstrate the effidency of the 
sdection technique for isolating very rare high affinity dones ftom a library. Additional 
high affinity sPv (Table 14; C6ML3-14, -15, -19, -23, and -29) were isolated ftom the 
C6VLCDR3 library by using a different dution solution after capture of antigen bound 
phage. 

Location efmutadons in higher iffimty sFv. 

Significant sequence varialnUty (six different amino adds) was observed at 
residues 93, and 94, with less variabiUty (three different amino adds) at residues 95 and 
95a. Thus a subset of the randomized residues appear to be more important in 
modulating affinity. All but one of these four residues (Y^LSS) appear to have solvent 
accessible side chains in the C6.5 modd. Three of the residues randomized (A89, W91, 
and G96) were 100% conserved in aU mutants sequenced. Two additional residues 
(A90S and D92E) showed only a single conservative substitution. These conserved 
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residues appear to have a structural role in the variable domain, either in maintaining the 
main chain conformation of the loop, or in packing on the Vh domain. Residues A89, 
W91, and D92 are idmtical in both C6.S and KOL, with conservative substitutions A90S 
and G96A observed at the other two positions in KOL, consistent with a structural role. 
S, In the modd of C6.5 indicated by this invention, G95b is in a turn and 

A89, A90, and W91 pack against the Vh domain at the Vh-V^ mtedace. Hydrogen 
bonds between VJ)92 and V|S27a and ViN27b bridge L3 and LI to stabilize the L3 and 
LI ccmformations. 

ifi 2^ Motntlon of C<iMIA9 sBV V„ PDIM 

Library construaion and selection. 

To furtfaff increase the afiSnity of C6.S» we chose to mutate the 
of the highest affinity sPv(C6ML3-9,K4» LOx 10^ M) isolated from the C6VLCDR3 
library, rather than mutate C6.S Vh CDR3 indqiendnUy and combine mutants. This 
IS sequential qyproach was taken since the kinetic effects of indqmidentiy isolated antibody 
fragmrat mutations are frequmdy not additive (Yang et al. (1995) 7. Mol. Biol, 254: 
392-4(»). 

Due to tile Iragth of die C6.5 Vh CDR3 (20 amino adds), a high 
resolution functional scan was performed on C6.5 sFv in an attempt to reduce the 

M number of amino adds subjected to mutation. Residues 95*99, lOOa-lOOd, and lOOg-102 
were separately mutated to alanine, and the Kd of the mutated sFv determined. Residue 
lOQf (alanine) was not studied. Residues 100 and lOOe are a pair of cysteines separated 
by four amino adds. A homologous sequence in KOL (Marquaidt et al. (1980) si^ra.) 
results in a disulfide bond between die two cysteines and a four residue miniloqp. 

22 Thertfore the two cysteines were simultaneously mutated to serine. 

Results of the alanine scan are shown in Table 13. No detectable binding 
to c-etbB-2 ECD could be measured by BIAcore for C6.5H95A, C6.5W100hA, and 
C6.5E10QiA. Three additional ahnine mutants (G98A, YlOOkA, and FIOOIA) yidded 
sFv witii 20 fold to 100 fold higher Kd tfian wt sFv. Substitution of tiie two cysteines by 

3St alanine (100, lOOe) yidded an sFv witii an 17.5 fold higher K^, and a much &ster 

(L38 X la^ s*^) than wt C6.5. The remaindtf of die alanine substitutions yidded only 
minor (0.5 to 3.7 fcdd) increases or decreases in K^. 
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Based on the results of the alanine scan and a model of C6.5 based on the Fab 
KOL (Maiquaidt et al., 1980), residues H95A, ClOO, and ClOOe were not mutated due 
to their probability of having an important structural role. H95 is likely to be buried at 
the Vh-Vl interface where it makes critical packing contacts with the Vj. domain. The 
two cysteine residues also are likely to have a structural role in maintaining the miniloop 
conformation, WlOOh was also not mutated given the unique features of tryptophan in 
antibody combining sites (Mian et aL (1991) J. Mol moL, 217: 133-151). 

Tbb re m a inin g 16 amino acids were omnpietely randomized fixir residues 
at a time in fiwaq»ialeC6VHCDR3 libraries (9M9,lihiaiy A; lOOa-lOCW. library B; 
lOOf, lOQg, lOQi, and lOQj, libraiy C, and lOOk-102, library D; see lUyle 14). After 
tcansfionnaticm, libraries were obtsoned with tizes 1.7 x VP (library A), 1.3 x 10^ 
(library B), 3.0 x 10* (Bbnay Q, and 2.4 x VP (Kbiary D). The mutant phage antibody 

libraries were designated C6VHCDR3 libraries A, B, C, and D, PGR screening and 
DNA sequencing 
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Table 13. Binding kinetics of C6*5 Vh CDR3 mutants obtained by high resolution 
functional scan. Amino add lesidues 95-99, lOQa-lOOd, and 10Qg-lQ2 of C6.S Vh 
CDR3 were mutated to alanine using site directed mutagenesis. Cysteine residues, ClOO 
and ClOOe, were simultaneously mutated to serine, k;., and were measured by SPR 
in a BIAoore, and the calculated. Numbering is according to Kabat et d. (1987). 
NB«no binding. 
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revealed that 100% of clones from all four libraries had fall Imgth insert and that the 
sequences were diverse (results not shown). Prior to selection, the percent of clones 
expressing sFv which bound c-erbB-2 ECD by EUSA was 1% for C6VHCDR3 library 
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A, 57%, library B, 296 library C, and 3% Ubiary D. The C6VHCDR3 Ubraries A, B, 
C, and D were selected on biotinylated c-eibB-2 ECD as described above, but using 
lower antigen concojtration. The first round of sdection was performed using 5.0 x 10* 
M c-crbB-2 ECD, toifold lower than for the first round of selection of the C6VLCDR3 
library. This concentration was chosen because the parental sFv for diese libraries 
(C6ML3-9) had a greater than tenfold lower than the parental done for the 
C6VLCDR3 library (C6.5). Biotinylated c-erbB-2 ECD concentration was then 
decreased 100 fold for the second round of sdection (5.0 x la" M) and tenfold fiir the 
third and fourth rounds (5.0 xl&^M and 5.0 xlO-^'M). As for the C6VLCDS3 
library, the rale of binding of polyclonal phage was measured in a HIAoore to determine 
die antigen concentration used for the subsequent round of sdection as discussed below. 

CSiarocterization cf mutant sFv. 

After four rounds of sdection, positive dones were identified by EUSA 
and at least 24 fiom die fourtii round of sdection were ranked by using SPR in a 

BIAcore. The ten tfV witii die lowest firom CfiVHCDR3 libraries A, C, and D were 
sequenced. 



TJble 14. Sequences, afilnities and binding kinetics of sFv isolated from heavy chain 
CDR3 libraries A, B, C, and D. k, and k^ were determined in a BIAcore using 
punfied sFv, and calculated. Dashes indicate sequence identity. Mutations arising 
from PCR error and located outside VH CDR3 are listed under die heading -ofliCT 
mutations". F=frequency of isolated sFv. •k* determined ftomunpurifiedsFv 
samples. Underline indicates mutated residue. 



Clone Hame 


VH CDR3 sequence 


Other 

Xutatio 

ns 


K 

(M) 


(«••) 


C6.5 


HDVGYCSSSHGAKWPBYFQH 




160.0 X lO-^ 


^3.0 X 10* 


VH a>R3 libra 


try As 




C6ML3-9(%^^ 


-Dvex ^~ 








C6ML3-A2 


HDVOfCSSSNCARWPEYFQH 








C6XL3*-A3 


HDVGYCSSSfiCAKWPEYFQH 




160.0 X 10" 


p.o X 10- 


VH CDR3 libra 


ry Bt 






C6ML3-9 
<wt) 


SSSH — 




10,0 X 10"* 


7.6 X 10^ 


C6MH3-B1 


HDVGYCTDRTCAKWPEYPQH 




1.6 X 10-'« 


6.7 X icr* 
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C6MB3-B15 


HDVGYC^SSBCAKWPE^QH 




7.7 X lO''^ 


2.9 X 10"^ 


C6MH3-B11 


HDVGYCSDRSC&KWPBYPQH 




2*2 X ICT*^ 


2.3 X 10"* 


C6HR3-B9 


HDVOYCXTAACAKNPBYFQR 




8.7 X lO"'* 


3.3 X 10"^ 


C6NH3*»B8 


HDVGYC*TERCMCwPBxFQH 




7.2 X lO'** 


2*9 X 10*^ 


C6MH3'*B2 


HDVOYCro^BCIlKWPBxF||H 






3.1 X 10"^ 










X • 9 jL lU 


C6MI13-*B25 


HDVGYCXTTRCatfWPBYPQH 




3.6 X lO-i^ 


1.9 X 10^ 


C6MH3-B21 


HDVGYCTTPLCaaCWPgYPQH 




7.3 X 10-" 


2.4 X 10-^ 


C6MH3-B20 


BDVOYpSE^CAKHPBYFQH 




8.7 X i(r» 


1.6 X 10-* 


C6MB3-B16 


HDVOYCftDVRCAKWPgYPCM 




3.1 X 10-» 


2.8 X 10^ 


C6MH3-B47 


BDVOYC^QSSTCAKWPBYFaH 




1.1 X 10-** 


p. 75 X 10- 


C6MH3-B48 


HDV6YCTDPSTCA2CWPEYFQH 




2.3 X 10'*" 


1.3 X lO"* 


C6MH3-B5 


HDVGYCTDATTCAKWPEYPQH 




3.4 X 10-** 


2.3 X 10-* 


C6MH3-B41 


HDVQYCTDRPTCAKWPEYFQH 




5.3 X 10"»' 


2.7 X 10-* 


C6MH3-B2 


HDVGYCTDPRTCAKHFEYFQH 




5.8 X 10"» 


3.2 X 10-^ 


C6MH3-B27 


HDVCYCKNSRTCAICWPEYFQH 




4.7 X 10-" 


4.0 X 10^ 


C6MH3-B34 


HDVGYCQDTRTC2^KWPEYF0H 


VL QIR 


ND 


ND 


C6MH3-B43 


HDVGYCEDYTTCAKHPEYFpH 




HD 


ND 


C6MH3-B46 


HDV6YCZZEfi7CAKWPEYFQH 


VH K23Q 
VH V76G 


ND 


ND 


C6MH3-B33 


HDVGYCSDQTTCARNPBYFW 




ND 


ND 


C6MH3-B31 


HDVCYCPDYTTCMCWPEYFOH 


VL P7L 


ND 


ND 


VR GDR3 library Ct 


C6ML3-9 
<wt) 






10.0 X 10^ 


7.6 X 10^ 


C6MH3-C4 


HDVGYCSSSNCA3^EYFQH 




3.7 X 10-"" 


2.0 X 10-* 


C6MH3-C3 


HDVGYCSSSHCAKWPEYFQH 


VH G15B 
VL N54D 


6.5 X 10-*^ 


3.2 X 10-* 


VB CDR3 library Dt 


C6ML3-9 
(wt) 


HDVQYCSSSMCMmPEYPQH 




10.0 X io-» 


7.6 X 10-* 


C6MH3-02 


HDVOYCSSSNCAKWPEWLGV 




1.6 X 10 >" 


2.0 X 10^ 


C6MH3-D3 


HDVGYCSSSMCAKWPEWLDN 




2.7 X 10** 


2.5 X 10-* 


C6MH3-06 


HDVGYCSSSNCAKWPEWMYP 




3.5 X 10"'* 


1.8 X 10-* 


C6MH3-05 


HDVGYCS8SNCAKWPEWM0M 




3.8 X 10-*" 


2.1 X 10-* 
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C6MB3-D1 


HDVQYCSSSNCARWPEmm 




3.1 X ao-"* 


1.1 X 10^ 


C6MH3-D7 


HDVGYCSS8NCAKMPEKm£ 




HD 


3.1 X 10-* 



I>ue to the diversily of isolated sFv in C6VHCDR3 library B, 48 sFv were tanked by 
using SPR, and 22 dones with the lowest woe sequoiced. Single-chain Fv were 
purified by IMAC, followed by gel filtration to remove any dimeric or aggw.gatf^ sFv. 
The k., and k^v/m determined by BIAcore and the K< calculated. 

Very different results were obtained from die four libcaries with respect to 
die number of higher affinity sFv isolated, and die value of die highest afBnity sFv. The 
best results were obtained from library B (Table 14). Fifteen sFv were isolated widi a 
Kd lower than wt C6iML3-9 and no wt sequences were obsoved (Table 14). The best 
sFv (C6MH3-B47)had aKj = 1.1 x ICT" M, ninefold lower than CfiML3^ and 145 
fold lower Uian C6.5. The k^ of diis sFV was 7.S x lO' teafoU lower dian 
C6ML3-9 and 84 fold lower dian C6.5. While a wide range of sequences was observed 
(Table 14, library B), a subset of sFV had die consensus sequence TDRT (first eight sPv, 
Table 14). The consensus sequence is identical widi die sequence of C6MH3-B1, which 
is die sPvwidi die lowest k;« (6.0 X 10^ r^). 

Five sFv were isolated diat had a krir 2.5 to 3.75 fold lower dian 
C6ML3-9, however esqnession levels were too low to obtain adequate purified sFv for 
measurement of die K< Oast five sequences, Table 14, library B). Tlie next best results 
were Obtained fipom library D (Table 14). Five higher affinity sPv were isolated, widi 
die best having a Ka sevenfold higher dian wt C6ML3-9. An additional sFv was isolated 
tiiat had a k^ lower dian wt sFv, however die expression level was too low to obtain 
adequate purified sPv for measurement of die (last sequence, -ftble 14, Kbraiy D). 
There was selection for a consensus mutation of YlOOkW and replacement of FlOOl widi 
hydrophobic meduonine or leucine. No higher afBnity sFv were isolated ftom eitiier die 
A or C Ubraries. From Ubrary A, 8/10 sFv were wild-type, widi one higher affinity 
sFv, a contaminant from library B. A single mutant sFv widi die conservative 
rqilacement of Y99F had an apparent k^ 2.5 times lower tiian wt, but expression levels 
were too low to obtain adequate purified sFv to measure die K*. From library C, 8/10 
sFv were wt sFv, widi one higher affinity sFv having mutations located in die Vh and Vl 
genes, but not in die r^on intentionally mutated. The isolated mutant sFv KlOOgV had 
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a Kd 2.7 fold lower than wt (k^ 3.8 fold lowtt than C6ML3-9), correlating with the data 
of the alanine scan, in which KlOOgA was the only sFv with decreased 1^. 

Ability itf alanine scanning to identify residues whidt modulated (ffinity. 

Residue ElOC^, the only residue that when converted to alanine had no 
detectable binding, was 100% conserved. Odierwise, thoe was no oondatton between 
the frequency with wdiich the wt amino adkl was recovered and the extent to which 
binding was reduced by substitution to alanine. Similaiiy, Aere was no oonelation 
between reddues shown to modulate affinity by alanine scanning and mwfrtiong exhibiting 
inqnoved binding. Ibis is dear Mlien oonqtating the results obtained fiom library B 
(where no alanine mutant had more than a 2.9 fidd increase in K^) and libiaiy D (where 
Ka was maricedly increased for two alanine mutants, YlOOkA and FIOOIA). Despite die 
difGerent alanine scan results, both libraries yidded similar nine and sevenfidd Increases 
in afBniQr. This result iq)pears to be diffierent than die results of Lowman et al. (1993) 
J. MoL BioL, 234: 564-578, who found a mild (R>«0.71) positive oondation between 
die frequency widi vddch the wt amino add was recovoed from a phage library of 
human growth hormone mutants and the extent to which binding was reduced by alanine 
s ca nning . In addition, their largest improvements in affinity were for those residues 
shown by alanine scanning to significantly affea binding. 

Hie reason for the different results is unclear, however in two of the Vh 
CDR3 libraries wh«e alanine scanning indicated a significant effect on binding (libraries 
A and C), expression levds of mutants were generally low. This could have affected die 
sdection results. 

3) Correlation between affinitv and eell snrfaei. retentinn nf SUV. 

The retention of biotinylated C6.5, C6ML3-9, and C6MH3-B1 sFv on die 
sui£u» of SK-OV-3 odls expressing c-erbB-2 was determined, boUi to verify die 
obsoved differences in k^, and to confirm that the antigen as presented in the BIAcore 
had biologic significance. The half life (tua) of die sFv on die cdl surface was much less 
dian 5 min for C6.S, 11 min for C6ML3-9, and 102 min for C6MH3-B1. These vahies 
agree dosdy widi die t,a calculated from die 1^ as determined by SFRin aBIAcore 
(1.6 min fat C6.5, 13 min for C6ML3-9, and 135 min for C6MH3-B1). The 
anti-digoxin sFV 26-10 (Huston et at. (1988) si^ra.) was used as negative contiol, and 
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no binding to o-eibB-2 ECD in a BIAcore or to c-eibB-2 on SK-OV-3 cells was 
obsoved. 



Example 4 
Elation of AntihiwWp^ 

As higher affinity phage antibodies are generated, it becomes moie 
difficult to elute them firom c-erbB-2. Selection of the lughest affinity mutants is 
enhanced whoi dutim omditions are optimized. To determine opdmal dution 
conditions, ttie C6.S VI CDR3 mutant library was sdected m c-eibB-2, and a number of 
different dution conditions studied Onfecting directly o£f of magnetic beads, 10 mM 
HQ, 50 mM HQ, lOOmM HQ, 2.6 M MgO,, 4 M MgQ,, 100 mM TDA, and with 1 
/iM o-eibB-2). Hie greatest percentage of dones with a slower than C6.S was 
obtained when duting with SO mM HQ, 100 mM HQ, or 4 MMgd,. Bvenaftertfae 
duteddones were screened by BIAcore to identify those with the slowest krtf, the 
highest affinity dones resdted finom dutions performed with 100 mM 
Table 15 On this expenmeat 4 mM MgClj was not examined). 

These results condated with die amount of phage antibody library diat 
remained bound in the BIAcQre after using (me of die difGoent dution conditions. For 
die Vh CDR3 dutions phage were duted sequentially with 4 mM MgC^ and 100 mM 
HQ. As affinity increases fiirtho^ more stringent dution conditions may be required. 
This can be determined by analyzing phage libraries in the BIAcore. 



Table IS. Results of C6.5 L3 randoimization 4th round off-iate selection and dution. 
Underlines indicate mutated amino adds. 



Clones 


P 


CDR3 Sequence 


K (M) 


Kir (8>) 


C6.5 




AAWDDSLS6WV 


1.6 X 10^ 


6.3 X 10^ 


Bltttion with 100 


mM HCl: 




C6ML3-5 


4 


AAWDYSLSGWV 


3.7 X 10^ 


6.3 X lO-* 


C6ML3-9 




ASWDXJLSGWV 


1.0 X 10^ 


1.9 X 10-" 


C6HL3-14 


2 


AAWDD£LHOWV 


1.1 X 10-* 


7.6 X 10-* 


C6ML3-15 




AAWDRPLWGWV 


2.2 X 10^ 


7.7 X 10' 


Blution with 2.6 i 


H NgCl,: 




C6KL3-5 


2 


AAWDXSLSOHV 


3.7 X 10** 


1.9 X 10^ 


C6ML3-7 


2 


AAWDXAVSGWV 


2.6 X 10-* 


1.7 X 10' 
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C6ML3*12 




AMfDYSBSOWV 


1.6 X 10** 


7.2 X 10^ 


0610.3-16 


2 


ASWDYYRSOWV 


5.0 X 10-* 


1.7 X ia» 


C6M13-15 






2.2 X 10^ 


1.3 X 10* 


Sltttion with 100 


mM tireth: 


diamines 


C6ML3-S 


3 




3.7 X 10* 


1.9 X 10* 


C6ML3-12 


2 


AANDZSBSOWV 


1.6 X 10* 


7.2 X 10^ 


C6ML3-18 




ASNDASLWOWV 


2.4 X 10* 


6.2 X 10^ 


C6KL3-19 






1.5 X 10* 


1.0 X 10* 


C6ML3*20 




AHmgSLWGWV 


3.0 X 10* 


1.4 X 10* 


Elution with 10 a 


M HOls 


C6ML3-5 




AAin>£SLSGf9V 


3.7 X 10* 


1.9 X 10* 


C6ML3-7 




AAWDYAVSCWV 


2.6 X 10* 


1.7 X 10* 


C6ML3-21 




AAHDISfiSOWV 


4.5 X 10* 


2.2 X 10* 


C6ML3-22 




AAWDASLS6WV 


8.3 X 10* 


3.6 X 10* 


C6ML3-23 




ASKDgSLHGWV 


1.5 X 10* 


1.0 X 10* 


0610.3-24 




AAWDEOIFGWV 


12.4 X 10* 


7.9 X 10* 


06ML3-25 




lAWDWRHSGWV 


7.4 X 10* 


4.4 X 10* 


C6HL3-26 




AAMDDSBS6WV 


8.3 X 10* 


5.0 X 10* 


Elution with 50 ra 


K HCl: 




06ML3-6 




ASWDXSLSGWV 


3.2 X 10* 


1.9 X 10-* 


06ML3->7 




AAWDYAVSQWV 


2.6 X 10* 


1.7 X 10* 


C6KL3-12 




AAWD]rSBS6WV 


1.6 X 10* 


7.2 X 10^ 


C6ML3-17 




ASWDYYRSGWV 


5.0 X 10* 


1.7 X 10* 


C6ML3-27 




2AWDXSLS0WV 


no expreeeion 




06ML3-28 




ASWDir^SGWV 


2.5 X 10* 


1.7 X 10-' 


06ML3-*29 




AAWDOTLWOWV 


1.7 X 10* 


2.2 X la' 


Elution with 1 uM 


c-erbB-2 


ECD for 30 minutes 




06HL3-5 


5 


AAWDXSLSOWV 


3.7 X 10* 


1.9 X 10* 


C6ML3-17 




AAWDYALSGWV 


no expreseion 




O6ML3-30 


3 


ASWDYYLI6WV 


no expression 





For example, in a second exp^ment, polyclonal phage were prqiaied 
after three rounds of sdection of the C6VLCDR3 library and studied using SPR in a 
BIAcore. Aft^ an initial bulk refractive index change, binding of phage to immobilized 
c-abB-2 ECD was observed^ resulting in an average of 189 RU bound. Phage were 
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then allowed to ettfier spontaneously dissociate fitoni c-erbB-2 ECD using hepes buffered 
saline (HBS) as running buffer, or were duted with either 100 mM HQ, 50 mM HQ, 
10 mM HQ, 2.6 M MgOj, or 100 mM TEA. 

M^or diffoences were observed betweoi duents in thdr ability to remove 
bound phage. The most effective solutions in removing bound phage antibodies were 
100 mM HQ and 50 mM HCl, Mowed by 100 mM TEA. 2.6 M MgQj (which 
removes 100% of wild type C6.5) and 10 mM HQ were only minimaUy more effective 
than die runniog buffer in lemoviqg bound pluige. 

These results denumstcate the important ^fect of duent choice on tfie 
afBnities of selected antibodies, even when usiog limiting antigen concentration and 
BIAoore screening to identify the highest affinity sFv. Two previously described dution 
r^imens were firand to be the least ^fective for selecting higher afBnity antibodies; 
infecting without dution by adding magnetic beads with antigen-bound phage direeUy to 
E. cott cultures (Flgini et aL (1994) /. MoL Biol. , 239: 68) and competitive dution of 
sPv with sduble antigen (Hawkins et oL (1992) /. Mol. Biol, 226: 889; Clackson et al. 
(1991) Nature, 352: 624; Riechmann et al. (1993) Biodiemistry, 32: 8848). 

When duting by incubating phage bound to antigen with E. cott, it is 
bdieved the phage must dissociate from antigen for infection to occur. Steric hindrance, 
due to the size of paramagnetic beads, blocks the attachment of pm on antigen bound 
phage to the f-pilus on E. cott. This would result in preferential selection of sFv with 
rapid ko^, consistent with the present results. Since a reduction in k^r is the major 
mechanism for decreases in Kj, this results in the selection of lower affinity sFv. 

Huting with soluble antigen has a similar effect on the kinetics of sdected 
sFv. The phage must first dissociate from immobilized antigen, then rebinding is 
blocked by binding of the phage to soluble antigen. Phage antibodies with the lowest k^ 
will remain bound to immobilized antigen and therefore are not available for infection of 
K cott. 

The qptimd type of duent (acidic, basic, chaotropic) and concentration 
required will depeod on the phage antibody affinity (Lewis et al (1985) /. Steroid. 
Biochem. 22: 387; Parini et al. (1995) Analyst, 120: 1153) and the type of bonds that 
need to be interrupted. This will vary considerably between libraries, depending on the 
nature of the antigen-antibody interaction. 
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In this example, significantly higher affinity sFv were obtained eluting 
with HCl, pH 1.3 compared to HQ, pH 2.0. In fiEu:t, the affinities of sFv isolated after 
dution with HCl, pH 2.0 were no different than results obtained without eluting. 
Similarly^ 2.6 M K^Clj was studied because it was previously determined (see above) 
i that it would remove 100% of bound wild type C6.5. This concentration of Mgdj, 
however, was ineffective in eluting C6.5 CDR3 mutants. Eluting with higher 
ccmcentrations of MgC^ would have resulted in the sdection of higher affinity sFv. For 
escample, 3 M MgO^ was required to elute 100% of C6L1 sPv (K^ - 2.S x 10^ 
firom a c-erbB-2 ECD BIAcore sensor chip and 4 M MgCl} was required to elute 100% 

lit ofC6ML3-9(K4« 1.0x10^ M). 

A convenient way to predict the qitimal duent is to analyze polydonal 
phage in a BIAcore. The results can then be used to design dution conditions to adiieve 
optimal enridimmt for high afBnity dones. One i^proach is to dute sequentially, using 
a less stringmt duent to remove low affinity binders, followed by a moie stringent duent 

IS. to remove high affinity binders. Thus the BIAooie information is used to sdect 

'washing* reagents vMdh remove low affinity phage antibodies more effectivdy than 
FBS. This will reduce the number of selection rounds and amount of screening required 
to sdect and identify the highest affinity binders. 

This strategy is also be useful to isolate antibodies to low doisity antigens 

2Q on intact cdls or tissue. A mild duent could be used to remove low affinity phage 

antibodies, which are preferentially sdected due to high drasity antigen present on the 
cdl surface, as wdl as non-spedfically bound phage. Phage spedfic for lower density 
antigens would then be removed using a more stringent solution. 

An alternative to duting with stringent solutions is to use antigen 

25, biotinylated with NHS-SS-Biotin (Pierce) (Griffiths et d. (1994) EMBO J., 13: 3245). 
All of the bound phage can be released from the magnedc beads by reducing the 
disulfide bond between antigm and biotin. One advantage of this approadi is Oat dution 
of all phage is guaranteed. Use of NHS-SS-Biotin could be combined with use of a 
milder duent tot washing (detmuned by BIAcore analysis) to increase enrichment for 

2fi higher affinity phage antibodies. 

The present experimrats suggest, however, that use of stringent duents 
that are chemically differmt (addic, basic, or chaotropic) results in the sdection of sFv 
of equally high affinity, but of different sequence. Isolation of sFv of different 
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sequences has a number of advantages. Single amino acid changes can affect expression 
levels in E. coU dramatically. For example, expression level of C6ML3-5 (100 fig/L) 
was 100 times less than for wild type C6.S (10 mg/L). Furthermore, different sFv might 
have diffoent physicochemical characteristics (dimerization, stability, or 
immunoieactivity) or even different effects in vivo (spedSidty, biodistribution, or 
deaiance). Hius paialld selections using diffeient stringent duents should result in a 
greater munbff of high affinity binders ttan use of a single eluent 

ExanqdeS 

R-odHCtf OT qf Antihodiw Combining C6MH3-B1 w C6M H3-1I47 with D T.ihn.ry 

nnrom Mutatiims 

ConsmictUm qfsFv cmbining higher ifffUdty Vg and V^, genes. 

The Vl CDR3 gene sequences (tf tfie two highest affinity sFv isolated from 
the C6VLCDR3 libtaiy (C6ML3-9 or C6ML3-12) were combined with the highest 
affinity sFv previously obtained finom light chain shuffiing (C6L1, Kj = 2.5 x 10* IS). 
The C6L1 jdasmid (10 ng/^d) was used as a template for PGR amplification using 
primers LMB3 and either PML3-9 or PML3-12 (Table 18). The gel purified PGR 
fiagmoits were reamplified using primers LMB3 and HuJl 2-3ForNot (Marks et al. 
(1991) supra.) to introduce a Nofl restriction site at the 3*-end of the sFv. TTie gel 
purified PGR fragments were digested with Ncol and NotI and ligated into pUG119 
Sfi-NotmycHis digested with Ncol and Notl. The resulting sFv were designated C6-9L1 
and G6-12L1. The genes of G6-9L1 and G6-12L1 were combined with the Vh genes 
of the two highest affinity sFv from the C6VHGDR3 libraries (C6MH3-B1 and 
C6MH3-B47). The rearranged Vh genes of C6MH3-B1 and -B47 were amplified by 
PGR using the primer LMB3 and PG6VH1F0R, digested with Nool and Xhdl (located in 
FR4 of the heavy chain) and ligated into C6-9L1 or C6-12L1 digested with Ncol and 
Xhol to oeate C6-B1L1 and C6-B47L1. The heavy chain of C6MH3-B1 or 
C6MH3-B47 was amplified by PGR using LMB3 and one of the PCD primer (PCDl , 
PCD2, PCD3, PCD5, or PCD6; Table 18) to construct combinations of sFv from the 
C6VHCDR3B and D libraries. The purified PGR fragments were spliced with the Vl 
fragment of C6ML3-9 (VHD2) that was used to create the C6VHCDR3D library exacdy 
as described above. Hie full loigth sFv gene was digested with Ncol and Notl and 
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ligated into pUC119 Sfi-NotmycHis. Clones were termed C6-B1D1, -B1D2, -B1D3, 
-BIDS, -B1D6, -B47D1, .B47D2, -B47D3, -B47D5, and -B47D6. Colonies were 
screened for the presence of the conect insert by PCR fingerprinting and confirmed by 
DNA sequencing. Single-chain Fv were eaqnessed, purified, and affinities determined by 
SPR, as described above. 

Hi RwHltet 

^pBds an binding kineiia by ambining muuttiansfrom high offinixy sFv. 

As described above, to further increase afiSnity, the sequences of the two 
highest affinity sE^ obtained from the VH CDR3B library (C6MH3-B1 or C6MH3-B47) 
were combined with the sequences of sPv isolated from tfie C6VHCDR3D library 
(C6MH3-D1, -D2, -D3, *D5, or -D6). An increase in afSnity from wild-type was 
obtained for all these combinations, yielding an sFv (C6-B1D3) that had a 1230 fold 
lower than wt C6.S (Table 16). The extent of additivity varied considerably, 
however, and could not be predicted from the parmtal k^, or K^. In some 
combinaticms, cociperativity was observed, with a negative AAGi. Additional 
combinations were made between a previously described light chain shuffled C6.S mutant 
(C6L1, sixfold decreased K^) and one of two Vl CDR3 mutants (C6ML3-9 and 
C6ML3-12). These combinations yielded sFv with 49 and 84 fold improved affinity 
(Table 16). Introducing the same rearranged Vl gene into the highest affinity Vh CDR3 
mutants (C6MH3-B1 or C6MH3-B47) resulted in decreased affinity compared to 
C6MH3-BlCrable5). 

Table 16. Binding kinetics of sFv derived from C6.5 Vl CDR3 and Vh CDR3 mutants. 
Mutants obtained by combining mutations of C6MH3-B1 or C6MH3-B47 with mutations 
from D library clones (Dl, D2, D3, DS, D6). Rate constants k., and k^ were 
measured by SPR in a BIAcore, and the calculated. 
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d mutants s C6ML3-9 OR C6ML3-12 with light chain shuffl 
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9.2 ± 
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3.0 ± 
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0.32 
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C&MHi-Bl OK C6MH3-B47 with light chain aEuZ 


fled" - 






3.B ± 
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2.4 ± 
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Cm Combine 

efi-BUi — 




C6MH3-B1 OR C6MH3-B47 with D librarnr 


■BB=I1B2 


— urn — 


4.7 ± 
0.31 


0.15 ± 
0.005 


3.8 


500 


- 0.61 


e&-BlS3 — 


OTIS — 


S.9"I 

0.42 


0.10 ± 
0.014 


8.0 


1067 


- 0.07"" 




— fns — 


B.'TI 

0.20 


0.002 


9.2 


1231 


- 0.53 


C6-B1D5 




5.1 i 
0.36 


O.IS i 
0.001 


3.A 


457 


_ 0.40 ■ 


e&>B47Dl 


0732 


4.1^ 

0.17 


0.13 i 
0.002 


3.-B 


500 


- 0.16 




— urra — 


7. '1-1 

0.95 


0.48 i 
0.001 


1.6 


235 


- 0.11 




0*44 


9.8 'i 
0.72 


0.43'T— 
0.001 


2.5 


364 


+ 0.62 - 


a>-B4705 


U.45 


6.6 ± 
0.26 


0.32-r- 

0.001 


2.3 


333 


+0.29 " 






fi.21 

0.31 


0.39 i~ 
0.002 


177 


254 


- 0.01 - 




0.51 


5.9 i 
0.30 


U.JO ± 
0.001 


2.2 


314- 


+ o.rT— 



ftroduction of C6.S.Bfl«.<i niahn^^ff;. 

To improve tumor retention sFv dimos (sFv'), were created as described 
above by introducing a free cysteine at the C-terminus of the sFv. The dimer had a 40 
fbld improved afBnity compared to the monomer (i;, = 4.0 x lO"" M). However, 
evaluation of the C6.5 (sFV)^ in vivo, showed no significantly improved tumor retention 

at24 hours. Without being bound to a theory, it is believed that the disulfide bond is 
being reduced in viw, yielding monomeric sFv. 

To obtain a stable molecule for evaluation in vrw, a C6.5 diabody (also a 
(sFv)j) was produced without introducing a cysteine and crosslinking. Instead, the 
diabody was produced as described in HolIiger«fa/.,J^.Ato/..lea^ VSA.,90: 
6444^8 (1993) (see also WO 94/13804). To produce the C6.5 diabody. the peptide 

linto sequence between the Vh and V|. domains was shortened from 15 amino adds 
amino adds. This was done at the genetic levd. Synthetic oligonudeotides encoding the 
5 amino add linker (CS,S) were used to PGR ampKfy the C6.5 Vh and Vt genes, whidi 
were then spliced ti^gether to cieate the C6.5 diabody gene. The diabody gene was 
doned into pUC119mycHis, the diabody expressed, and purified by IMAC followed by 
gd filtration as described above. 

The affinity of the diabody was measured using surface plasmon resonance 
inaBIAcoreandfoundtobe4.2xlO->»M,withak^of3.2xl0^s-'. The retention of 
the FTTC labeled diabody on the surfiace of c-«bB-2 expressing cells was determined by 
FACS. After 180 minutes, 77% was stiU retained on the cdl sur&ce. Assuming an 
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exponmtial decay for binding, this value for cell surface retention correlates with a of 
7 X 10^ s ^ This is significantly slower than the measured on the BIAcore, and 
suggests that c«^B-2 density is higher on the cell sur&ce than the density used for the 
BIAcore measurements, 
i The retention of the C6.S diabody in sdd mice bearing subcutaneous 

SK-OV-3 tumors was compared to C6.S. Single chain Fv were radio-iodinated using the 
chloramine-T method, and 25 Mg injected into mice. Values are diown in Table 17 and 
plotted in Figure 4. At 24 hours» tumor retention was 6.48% of the injected dose/gm of 
tumor, compared to 0.989S for C6.S. TUmonblood ratios were 9.7:1 for the diabody 

lit and 19.6:1 for the C6.5 sFv. Significant amounts (1.41 %) of the diabody was letained 
at 72 hours. The total area under the curve (AUQ for tumQr:blood was 2.3:1. 

The ability of the C6.S diabody to be internalized into c-eibB-2 expressing 
cells was oonqiared to C6.S sFv and higher afOnity C6.S mutants. Only the diabody was 
internalized^ consistent with studies using monoclonal antibodies to c-«ibB-2 which show 

I£ that crosslinldng of c-exbB-2 results in internalization. This does not occur with all 
anti-o-«rbB-2 antibodies, but rather is epitope dq)endenL Thus C6.S recognizes an 
int^naliang epitope, but internalization only results whoi the iecq>tQr is ciosslinked by 
tiie diabody. This opens up the possibility of creating diabody-toxin fusions (since toxins 
must be internalized to be active). It is believed that C6.5 also causes signalling through 

20, c-erfoB-2 via cross-linking of the receptor and activation of the tyrosine kinase activity. 

It has hem shown that activation of the cell through c<^B-2 signalling increases the 
sensitivity of the cell to convoitional cancer chemotherapeutics. Through activation of 
the kinase, C6.S is e3q>ected to have therapeutic properties when combined with a 
conventional cancer chemotherapeutic. 

2i 

Table 17. Tissue distribution of diabody as a function of time. 
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6.93 ±0.39 


21.47 ± 1.67 
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2.42 ± 0.18 


0.11 ± 0.01 






72 


1.41 ± 0.13 


0.06 ±0 







Table 18. Sequences of {ximen used in the forgoing e3caiiq>les. Nucleotide mixtures 
used, molar ftaction: 1: A (0.7), C, G, and T (0.1); 2: C (0.7), A, G, and T (0.1); 3: 
G (0.7); 4: T (0.7), A, C, and G (0.1); 5: C and G (0.5); 6: C (0.7) and G (0.3); 7: 
C (0.3) and G (0.7); 8; A, C, G, and T (0.2S). 



PrlMr 




LNB3 


5 > -CAGGAAACAGCTATGAC-3 • 


fd-seq1 


5 • -aMTTTTCT6TATGAGG-3 • 


PNEN«lMq 


5 • -CTATGCG6CCCCAnCA-3* 


Llnkteq 


S> -CGATCCGCCACC6CCAGAfi*3> 


PVHIForl 


5 ■ •TCGCGCGCAGTAATACACG6CCGTG7C-3* 


PVH3For1 


5 1 -TCGCGCGCAGTAATACACA6CC6T(iTCCTC-3* 


PVHSForl 


5 « -TCGCGCGCA6TAATACArCGCGGT6TCC6A-3 ' 


PVHlFor2 


5 • -QAGTCATTCTCGACTTCCGGCCGCTCGCGCGCA6TAATACAC6GCC6T6TC-3* 


PVH3Fer2 


5 ■ •GAGTCATTCTCGACTT6CGGCCGCTCGCGCGCAGTAATACACA6CC6T6TCaC-3 • 


PVHSFor2 


5 > -GA6TCATTCTCGACTTCC66CC6CTCGCGCGCAGTAATACATGGCGGTGTCCGA-3 • 




5 > •AGC6CC6TGTATTm6CGCGCGACATGAC6TC6GATATTGC-3 • 




S*»ACXCT66TCACC6TCTCGA6T66T6GA-3* 


RJIGXho 


5 • -ACAAT6GTCACC6TCTCGA6T6GTGGA*3 • 


RJH4/5Xho 


5 *-ACCCTGGTCACCGTCTCGA6T66TGGA-3* 


PC6VH1For 


5 • •GACTCATTCTCGTCTGGAGACGGTGACCAGG6TGCC-3 • 


VL1 


AATCAGCCTCAT -3 


VL2 


5' »GACTCAnCTCGACTTGCG6CCCCACCTACGACCCTCAGCTTG6TCCCTCCCCCSAACACCCA«3' 


VHA 


5' -CCGCAGnGGAACTACTGCA.S^S.S.SfS.B.S^S.B^S.S.S^ATGTCTCCmAAAAATACACGGC-T 


RVHA 


5* -TGCAGTAGTTCCAACTGCGC-y 


VHB 


5' -6TATTCACCC«CmGCCCA.5.8,8,5,8,8.5.8.8,5,8.8,GCAATATCXCAIMTCAT(nC^^ 


RVHB 


5' •TGC6CAAA6TGGCCTGAATAC-3' 


VNC 


5* -CTGGCCCCAATGCTGGAAGTA.S.B.B.S.B.a.CCA^S.S^S^S^S^B.GCAGTTGGAACTACTGCAATATCC-y 


RVHC 


5' -TACTTCCAGCAn666GCCAG-3* 


VKD 


5' *GACCAGG6TGCCCT6GCCCCA,S.8,8,5,8,8,5,8,8«5.8.8,TTCAGfiCCAmTGC6CAGTTG^^ 


RVKO 




C6hi8not 


5' -GATACGCCACCGGCGCACCTGCCGCCCCATGBTCATa^T<»TSATCTCCfiGCACCTAGg^^ 


PNL3*9 


5' -CCTAG&ACimTCAGCnGGTCCCTCOGCCGAACACCCAACCACTCAGGGTGtAATd^ 


PN13-12 




PCD1 


5' -GAC&GTGACCAGGGTGCCCTGGCCCCAAACGTGCAGCCATTCAGGCCACTTTGCGCA-S' 


PC02 


5* -GACGGTGACCAGGGTGCCCT6GCCCCATACGCCCAGCCATTCAGGCCAaTTGC6CA*3' 


PC03 


5' - GACGGTGACCAGGGTGCCCTGGCCCCAGn6TCCAACCATTCA66CCACTTT6CGCA-3' 


PC05 


5' -GACGGTGACCAGGGTGCCCTGGCCCCACATCTOATCCATTCAGGCCACTTTGCGCA-y 


PCD6 


5* -GAC6GTGACCAGGGTGCCCTGGCCCCAGG6GTACATCCATTCAGGCCACTTTGCGCA-3* 



It is understood that the examples and embodiments described herein are 
for illustrative purposes only and that various modifications or changes in light thereof 
will be suggested to persons skilled in die art and are to be included within die spirit and 
purview of tiiis plication and scope of die q>pended claims. All publications, patents, 
and patent applications cited herein are hereby incorporated by reference. 
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WHAT IS CLAIMED ISr 

1 1. A human antibody that specifically binds to c-erbB-2, said antibody 

2 being a C6 antibody. 

1 2. The antibody of claim 1, wherein said antibody has the vari^ 

2 heavy (Vii) chain of C6.S. 

1 3. The antibody of daim 1, wherdn said antibody has the variable 

2 light (Vh) chain of C6.S. 

1 4. The antibody of daim 1, wherdn said antibody is C6.5. 

1 S. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6.S. 

1 6. The antibody of daim 1, wherein said antibody has the amino add 

2 sequence of C6MI3-14. 

1 7. Theantibody of daim 1, wherein said antibody has the amino add 

2 sequence of C6L1. 

1 8, The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6MH3-B1. 

1 9* The antibody of daim 1, wherein said antibody has the amino add 

2 sequence of C6ML3-9. 



1 10. The antibody of claim 1, wherein said antibody is sdected from the 

2 group consisting of an antibody having a Vj^ domain with one of tfie amino add 

3 sequences shown in Table 10» an antibody having a Vh domain witii one of tiie amino 

4 add sequences shown in Table 12, an antibody having a CDR3 domain having one of 
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5 the amino add sequences shown in Tables 4, 15, and 16, and an antibody having a Vh 

6 CDR3 dcmiain having one of the amino acid sequences shown in Tables 13 and 14. 

11. The antibody of claim 1, whetein said antibody expressed by any of 
die clones listed in Table 16. 

12. The antibody of daim 1, ixdierdn said antibody is an Fab. 

13. The antibody of daim 1, wheidn said antibody is an (Fab*),. 

14. Hie antibody of daim 1, wherdn said antibodyCsFV'),. 

15. llie antibody of daim 14, wherein said (Sfv*)j is a fijsionpiotein 
of two sPv* fiagments. 

16. The antibody of daim 1, wherein said antibody is C6.5 Fab. 

17. The antibody of daim 1, wherein said antibody is C6.5(Fab*)2. 

18. The antibody of daim 1, wherein said antibody is C6.5(sFv% 

19. The antibody of claim 1, wherein said antibody has a nuiging 

ftom about 1.6 X 10* M to 1.0 X 10-" M in SK-BR-3 using a Scaiduud assay or against 
purified c-«rbB-2 by surface plasmon resonance in a BIAcote. 

20. The antibody of daim 19, wherdn said Kj is about 1.6 x 10* M. 

21. A nuddc add encoding a human C6 antibody that spedfically 
hinds to o«tbB-2. 

22. The nuddc add ofdaim 21, wherein said C6 antibody binds to 

2 SK-BR-3cdls with a less than about 1.6 X 10* as determined using a scatduud assay. 
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1 23. The nucleic add of claim 21, wherein said nucleic add encodes an 

2 an antibody selected from the group consisting of an antibody having a IV^ domain 

3 containing one of the amino add sequences shown in Table 10, an antibody having a Vh 

4 domain containing one of the amino add sequences shown in Table 12, an antibody 

5 having a CDR3 domain containing one of the amino add sequences shown in Tables 

6 4, IS, and 16, and an antibody having a Vh G3R3 domain containing one of the amino 

7 add sequnces shown in Tables 13 and 14. 

1 24. The nucleic add of daim 21, wherein said nuddc add encodes the 

2 variable light (VJ chain of C6.S. 

1 25. The nuddc add of daim 21, wherein said nuddc add encodes the 

2 variable heavy (Vh) diain of C6.5. 

1 26. The nuddc add of claim 21, M^min said nuddc add encodes 

2 C6.5. 

1 27. The nucldc add of claim 21, wherein said nuddc add encodes the 

2 the amino add of a C6.5 antibody and conservative amino add substitutions of said C6.S 

3 antibody. 

1 28. A cdl comprising a recombinant nucldc add that encodes a human 

2 antibody tiiat specifically binds c-erbB^2, wherdn said antibody is a C6 antibody. 

1 29. A chimeric molecule that specifically binds a tumor cell bearing c- 

2 erfoB-2, said chimoic molecule comprising an effector molecule attached to a human C6 

3 antibody that spedfically binds c-erbB-2. 



1 
2 



30. The chimeric molecule of daim 28, wherein said C6 antibody is a 
single diain Fv (sFV). 
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1 31. The chimeric molecule of claim 28, wherein said effector molecule 

2 is sdected from the group consisting of a cytotoxin, a label, a radionuclide, a drug, a 

3 liposome, a ligand, and an antibody. 

1 32. The chimmc molecule of claim 28, wheiein said effector molecule 

2 is a Pseudamanas exotoxin. 

1 33. The chimeric molecule of claim 28, wherein said diimeric molecule 

2 is a fuaon protein. 

1 34. A meOiod fox making a C6 antibody, said method comprising: 

2 i) providing a phage library presenting a C6.S variable heavy (V,^ 

3 chain and a multiplicity of human variable light (VJ chains; 

4 ii) panning said phage library on c-eri)B-2; and 

5 iii) isolating phage that specifically bind said c-erbB-2. 

1 35. The medtod of claim 33, further comprising: 

2 iv) providing a phage library presrating a die variable light chain (VJ 

3 of the phage isolated in stq> iii and a multiplicity of human variable heavy (Vh) 

4 chains; 

5 v) panning said phage library on immobilized c-erbB-2; and 

6 vi) isolating phage diat specifically bind said c-erfoB-2. 

1 36. A method for making a C6 antibody, said method comprising: 

2 i) providing a phage library presoiting a C6.S variable light (Vi) 

3 diain and a multiplidty of human variable heavy (Vh) chains; 

4 ii) panning said phage library on immobilized c-erbB-2; and 

5 iii) isolating phage that specifically bind said c-erbB-2. 

1 37. A method for making a C6 antibody, said metiiod comprising: 

2 i) providing a phage library presenting a C6.5 variable light (VJ and 

3 a C6.S variable heavy diain oicoded by a nuddc add variable in the sequoice 

4 encoding the CDRs such that each phage display a dififezoit a>R; 



wo 97/00271 PCT/US96/10287 

IQS 

1 ii) panning said phage library on c-«rbB-2; and 

2 iii) isolating phage that specifically bind said c-ert>B-2. 

1 38. A method for impairing growth of tumor cdls bearing c-erbB-2, 

2 said method comprising contacting said tumor with a chimeric molecule comprising a 

3 cytotoxin attached to a human C6 antibody that specifically binds c-eibB*2. 

1 39. A method for detecting tumor cdls bearing c-eibB-2, said method 

2 conq^risi^g ccmtacting said tumor with a chimeric molecule comprising a label attached to 

3 a human C6 antibody that specifically binds c-eibB-2. 

1 40* A polypqitide oonqxrisi^g one or more of die complemratarity 

2 determining regions (CDSs) whose amino add sequence contains a CDR sequence 

3 selected from the group consisting of the CDRs listed in Tables 4, 10, 12, 13, 14, IS, 

4 and 16. 
1 

2 41. A nuddc add molecule comprising a nucleotide sequenpe 

3 encoding a single chain polypq>tide that exhibits the antibody-binding q)edfidty of a 

4 human C6 antibody, said polypeptide comprising: 

5 a) a first polypeptide domain, comprising an amino add sequence that 

6 is the binding portion of a variable region of a heavy chain of a human C6 antibody; 

7 b) a second polypeptide domain, comprising an amino add sequoice 

8 that is the binding portion of a variable region of a light chain of a human C6antib^ 

9 and 

^0 c) at least one polypeptide linkers comprising an amino add sequence 

11 spanning the distance between die C-t»minus of one of the first or second domains and 

12 die N-tmninus of the other, whereby said linker jdns the first and second polypeptide 

13 domains into a single chain polypeptide. 



14 
15 
16 



42. A polypq>tide which exhibits immunological binding properties of 
a human C6 antibody, said polypeptide comprising first and second domains connected 
by a linker moiety, wherein: 
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1 a) the first domain comprises at least one amino add sequence that is 

2 a CDR derived iirom a heavy chain of a human C6 antibody; and 

3 b) the second domain comprises at least one amino acid sequoice that 

4 is a CDR derived from a light chain of a human C6 antibody. 

1 43. The polypeptide of claim 42, wherein the first domain comprises a 

2 a heavy chain of a human C6 antibody. 

1 44. Hie polypeptide of daim 42, wherein the second domain 

2 oonqnises a light diain of a human C6 antibody. 

1 4S. An ejqnession cassette, compri^ng: 

2 a) die nucleic add molecule of daim 41; and 

3 b) a control sequence opecably linked to the nuddc molecule and 

4 capable of directing the ejqtression thereof. 

1 46. An e^xression cassette, conqnising: 

2 a) the nucleic add molecule of claim 41; and 

3 b) a control sequoice operably linked to the nucldc 

4 molecule and capable of directing the expression thereof. 

^ 47. An e^nession cassette, conqnising: 

2 a) the nuddc add mdecule of claim 41; and 

3 b) a control sequence operably linked to the nuddc 

4 molecule and capable of directing the expression tfioeof . 

1 48. A method of inducing the pioductioo of a polypq}tide, comprising: 

2 a) introducing the e>ipiession cassette of daim 47 into a host cdl 

3 whereby the cassette is compatible with the host cdl and replicates in the host cdl; 

* b) growing the host cdl whereby the polypeptide is expressed; and 

5 c) isolating the polypeptide. 



1 



49. 



A mediod of inducing the production of a polypeptide, comprising: 
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1 a) introducing the expression cassette of claim 47 into a host cell 

2 whereby the cassette is compatible with the host cell and replicates in the host cell; 

3 b) growing the host cell whereby the polypeptide is expressed; and 

4 c) isolating the polypq>tide. 

1 SO. A method of inducing the production of a polypq>tide, comprising: 

2 a) introducing the ej^ression cassette of daim 47 into a host cell 

3 whereby the cassette is compatible with the host cell and replicates in the host cell; 

4 b) growing the host cdl whrnby the polypeptide is 

5 esqnessed; and 

6 c) isolating the polypeptide. 
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